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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide thermally foaming micro-spheres suitable for processes 
in which a strong sharing force is applied, such as a kneading process, a calendaring process, an 
extrusion process, an injection molding, etc. 

SOLUTION: The thermally foaming micro-spheres having a structure of sealing a blowing agent 
in an outer shell formed from a polymer are provided by forming the outer sheet formed from 
the polymer with the polymer obtained by polymerizing a polymerizable monomer with a cross- 
linkable monomer in a ratio of >1 wt.% and <5 wt.% based on the above polymerizable monomer, 
and exhibiting >5 fold maximum blowing rate. The method for producing the same spheres is 
also provided. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It sets to a heat-expandable microsphere with the structure where the foaming agent 
was enclosed in the outer shell formed from the polymer, and is (1). The outer shell formed from 
the polymer is formed from a polymerization nature monomer and the polymer which comes to 
carry out the polymerization of the cross-linking monomer of the rate of 5 or less % of the 
weight of excess 1% of the weight on the basis of this polymerization nature monomer, and it is 
(2). Heat-expandable microsphere characterized by the maximum expansion ratio being 5 or 
more times. 

[Claim 2] The heat-expandable microsphere according to claim 1 whose cross-linking monomer 
is a 2 organic-functions cross-linking monomer which has two polymerization nature carbon- 
carbon double bonds. 

[Claim 3] The heat-expandable microsphere according to claim 2 which is the compound of the 
structure where two polymerization nature carbon-carbon double bonds were connected through 
the flexibility chain guided from the diol compound chosen from the group which a 2 organic- 
functions cross-linking monomer becomes from a polyethylene glycol, a polypropylene glycol, 
alkyl diol, alkyl ether diol, and alkyl ester diol. 

[Claim 4] The heat-expandable microsphere according to claim 3 which is a kind of compound 
chosen from the group which the compound concerned which is a 2 organic-functions cross- 
linking monomer becomes from polyethylene GURIKORUJI (meta) acrylate, polypropylene 
GURIKORUJI (meta) acrylate, alkyl JIORUJI (meta) acrylate, alkyl ether JIORUJI (meta) acrylate, 
and alkyl ester JIORUJI (meta) acrylate at least. 

[Claim 5] The outer shell formed from the polymer is (a). Mixture with as copolymerizable as a 
polymerization nature monomer a vinyl system monomer as a vinylidene-chloride independent or 
a vinylidene chloride, and it, The vinylidene-chloride (**) polymer which comes to carry out the 
polymerization of the cross-linking monomer, or (b) Mixture with as copolymerizable as a 
polymerization nature monomer (meta) a vinyl system monomer as an acrylonitrile independent 
or (meta) acrylonitrile, and it, A heat-expandable microsphere given in claim 1 formed from the 
acrylonitrile (**) polymer which comes to carry out the polymerization of the cross-linking 
monomer (meta) thru/or any 1 term of 4. 

[Claim 6] a vinylidene-chloride (**) polymer — as a polymerization nature monomer — 30-100 
% of the weight of (A) vinylidene chlorides, and (B) Heat-expandable microsphere according to 
claim 5 which is the polymer (**) obtained using 0-70 % of the weight of a kind of monomers 
chosen from the group which consists of acrylonitrile, a methacrylonitrile, acrylic ester, 
methacrylic ester, styrene, and vinyl acetate at least. 

[Claim 7] a vinylidene chloride (**) — a polymer — a polymerization — a sex — a monomer — 
****** — a vinylidene chloride (A1) — 40 - 80 — % of the weight — acrylonitrile (B1) — and - 

- a methacrylonitrile — from — becoming — a group — choosing — having — at least — a kind 

- a monomer — zero - 60 — % of the weight — ( — B-2 — ) — acrylic ester — and — 
methacrylic ester — from — becoming — a group — choosing — having — at least — a kind - 

- a monomer — zero - 60 — % of the weight — using — obtaining — having had — a 
copolymer — it is — being according to claim 5 — heat-expandable — a microsphere . 
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[Claim 8] (Meta) An acrylonitrile (**) polymer is (C) as a polymerization nature monomer. 30 - 
100 % of the weight of at least a kind of monomers chosen from the group which consists of 
acrylonitrile and a methacrylonitrile, and (D) A vinylidene chloride, acrylic ester, methacrylic 
ester, styrene, and heat-expandable microsphere according to claim 5 that is the polymer (**) 
obtained using 0-70 % of the weight of a kind of monomers chosen from the group which 
consists of vinyl acetate at least. 

[Claim 9] (Meta) An acrylonitrile (**) polymer is (C) as a polymerization nature monomer. 80 - 
100 % of the weight of at least a kind of monomers chosen from the group which consists of 
acrylonitrile and a methacrylonitrile, and (D) A vinylidene chloride, acrylic ester, methacrylic 
ester, styrene, and heat-expandable microsphere according to claim 8 that is the polymer (**) 
obtained using 0-20 % of the weight of a kind of monomers chosen from the group which 
consists of vinyl acetate at least. 

[Claim 10] (Meta) An acrylonitrile (**) polymer is (C) as a polymerization nature monomer. Less 
than 80 % of the weight at least of 30 % of the weight or more of a kind of monomers chosen 
from the group which consists of acrylonitrile and a methacrylonitrile, and (D) A vinylidene 
chloride, acrylic ester, methacrylic ester, styrene, and heat-expandable microsphere according to 
claim 8 that is the copolymer obtained using 70 or less % of the weight at least of a kind of 
excess of 20 % of the weight of monomers chosen from the group which consists of vinyl 
acetate. 

[Claim 11] (Meta) The heat-expandable microsphere according to claim 5 whose acrylonitrile (**) 
polymer is a polymer (**) obtained using 51 - 100 % of the weight of a kind of monomers chosen 
from the group which consists of acrylonitrile (C1) and a methacrylonitrile, and 0-40 % of the 
weight (D1) of vinylidene chlorides and 0-48 % of the weight of at least a kind of monomers 
chosen from the group which it becomes from acrylic ester (D2) and methacrylic ester at least 
as a polymerization nature monomer. 

[Claim 12] (Meta) An acrylonitrile (**) polymer is (E) as a polymerization nature monomer. 30 - 
100 % of the weight of at least a kind of monomers chosen from the group which consists of 
acrylonitrile and a methacrylonitrile, and (F) Heat-expandable microsphere according to claim 5 
which is the polymer (**) obtained using 0-70 % of the weight of a kind of monomers chosen 
from the group which consists of acrylic ester and methacrylic ester at least. 
[Claim 13] (Meta) an acrylonitrile (**) polymer — as a polymerization nature monomer — 1-99 
% of the weight (E1) of acrylonitrile, 1-99 % of the weight (E2) of methacrylonitriles, and (F) 
Heat-expandable microsphere according to claim 5 which is the copolymer obtained using 0-70 
% of the weight of a kind of monomers chosen from the group which consists of acrylic ester and 
methacrylic ester at least. 

[Claim 14] (Meta) an acrylonitrile (**) polymer — as a polymerization nature monomer — 20 - 
80 % of the weight (E1) of acrylonitrile, 20 - 80 % of the weight (E2) of methacrylonitriles, and (F) 
Heat-expandable microsphere according to claim 5 which is the copolymer obtained using 0-20 
% of the weight of a kind of monomers chosen from the group which consists of acrylic ester and 
methacrylic ester at least. 

[Claim 15] A heat-expandable microsphere given in claim 1 to which the elastic modulus of the 
outer shell formed from the polymer is characterized by being two or more 106 N/m and two or 
less 109 N/m thru/or any 1 term of 14. 

[Claim 16] A heat-expandable microsphere given in claim 1 which is that in which a foaming 
agent contains the hydrocarbon system foaming agent which has the boiling point 60 degrees C 
or more thru/or any 1 term of 1 5. 

[Claim 17] In a drainage system distribution medium, the suspension polymerization of the 
polymerization nature mixture which contains a foaming agent, a polymerization nature monomer, 
and a cross-linking monomer at least is carried out. In the approach of manufacturing a fizz 
microsphere with the structure where the foaming agent was enclosed in the outer shell formed 
from the generation polymer The manufacture approach of the heat-expandable microsphere 
which carries out the suspension polymerization of the polymerization nature mixture which 
contains a cross-linking monomer 1% of the weight on the basis of a polymerization nature 
monomer at a rate of 5 or less % of the weight of excess, and is characterized by the maximum 
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expansion ratio obtaining the heat-expandable microsphere of 5 times or more. 

[Claim 18] The manufacture approach according to claim 17 that a cross-linking monomer is a 

bifunctional monomer which has two polymerization nature carbon-carbon double bonds. 

[Claim 19] a polymerization nature monomer — (a) a vinylidene chloride — the mixture of an 

independent or a vinylidene chloride, it, and a copolymerizable vinyl system monomer — and — 

(b) (meta) acrylonitrile — the manufacture approach according to claim 17 or 18 which is the 

monomer or monomer mixture chosen from the group which consists of mixture of an 

independent or (meta) acrylonitrile, it, and a copolymerizable vinyl system monomer. 

[Claim 20] The manufacture approach of a heat-expandable microsphere given in claim 17 which 

is that in which a foaming agent contains the hydrocarbon system foaming agent which has the 

boiling point 60 degrees C or more thru/or any 1 term of 19. 



[Translation done.] 
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JPO and NCIPI are not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the heat-expandable microsphere with which 
the working characteristic has been improved notably, and its manufacture approach in more 
detail about a heat-expandable microsphere with the structure where the foaming agent was 
enclosed in the outer shell formed from the polymer. 
[0002] 

[Description of the Prior Art] A heat-expandable microsphere is also called a thermal-expansion 
nature microcapsule, and application expansion to various fields, such as bulking agents of the 
coating aiming at lightweight-izing or plastics including the application in foaming ink, is achieved. 
A heat-expandable microsphere usually microencapsulates an volatile liquid foaming agent with a 
polymer. Such a foaming agent is also called the physical foaming agent or the volatile inflating 
agent. The chemistry foaming agent which decomposes at the time of heating and generates gas 
by request may be used. A heat-expandable microsphere can be manufactured by the approach 
of generally carrying out the suspension polymerization of the polymerization nature mixture 
which contains a foaming agent and a polymerization nature monomer at least in a drainage 
system medium. An outer shell is formed with the polymer to generate, a foaming agent is 
wrapped in in the outer shell, and a heat-expandable microsphere with the structure made and 
enclosed is obtained as a polymerization reaction progresses. 

[0003] Generally as a polymer which forms an outer shell, thermoplastics with good gas barrier 
property is used. The polymer which forms an outer shell will be softened if it heats. As a 
foaming agent, what becomes a gas at the temperature below the softening temperature of a 
polymer is chosen. Although the force in which a foaming agent evaporates and expands will 
work to an outer shell if a heat-expandable microsphere is heated, the elastic modulus of the 
polymer which forms an outer shell in coincidence decreases rapidly. Therefore, rapid expansion 
occurs bordering on a certain temperature. This temperature is called foaming temperature. That 
is, if a heat-expandable microsphere is heated to foaming temperature, itself will expand and it 
will form a closed cell object (foam particle). 

[0004] Application expansion in an extensive field is achieved using the property that a heat- 
expandable microsphere forms a closed cell object, as a design nature grant agent, a functional 
grant agent, a lightweight-ized agent, etc. Moreover, if high performance-ization comes to be 
required in each application field, the demand level over a heat-expandable microsphere will also 
become high. An improvement of a working characteristic is mentioned as that of the military 
requirement to a heat-expandable microsphere. 

[0005] For example, there is a method of obtaining the moldings with which lightweight-izing and 
design nature were given, and a sheet by performing kneading processing, calendering, extrusion, 
or injection molding for the constituent which blended the heat-expandable microsphere with 
thermoplastics, and making a heat-expandable microsphere foam in the process. However, since 
the elastic modulus of the polymer which forms an outer shell fell rapidly and an outer shell 
became soft in response to the elevated temperature and high shearing force by processing 
while the polymer layer of an outer shell becomes very thin as cubical expansion is carried out at 
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the time of foaming, the heat-expandable microsphere was very difficult to destroy a heat- 
expandable microsphere simply and to attain the desired end. 

[0006] Moreover, since a heat-expandable microsphere had the large temperature dependence 
of the elastic modulus of the polymer which forms an outer shell, it had the problem that the 
proper temperature region of processing was very narrow. Furthermore, the conventional heat- 
expandable microsphere was lacking in the resistance (solvent resistance, chemical resistance) 
over polar solvents or a plasticizer, for example, use in the field shared with a polar organic 
solvent was restricted. 

[0007] The elasticity vinyl chloride system resin constituent for foaming extrusion molding which 
blended the thermal-expansion nature microcapsule with the vinyl chloride resin containing a 
plasticizer is indicated by JP,1 1-60868,A. As the 1st process, the resin constituent with which 
the melting point or softening temperature contains thermoplastics 100 degrees C or less and 
the thermal-expansion nature microcapsule which expands at 100-200 degrees C is kneaded 
below 100 degrees C, as the 2nd process, the obtained resin constituent is added to 
thermoplastics and the manufacture approach of the resin constituent kneaded or fabricated is 
indicated by JP,2000-1 7103,A. 

[0008] however, the thing for which a heat-expandable microsphere actually has the outer shell 
which foaming temperature is high and was excellent in thermal resistance in order to be 
applicable to such foaming extrusion molding, or kneading and shaping — in addition, the 
temperature dependence of the elastic modulus of the polymer which forms an outer shell is 
small, and excelling in the resistance over that a proper temperature region is large, polar 
solvents, a plasticizer, etc. of processing etc. is called for. 

[0009] Conventionally, the approach of forming the polymer layer of an outer shell is proposed as 
an approach of manufacturing a heat-resistant high heat-expandable microsphere, by adding and 
carrying out the polymerization of the cross-linking monomer to the polymerization nature 
monomer which consists of a vinyl system monomer (JP,42-26524,B, JP,5-1 5499, B, the patent 
No. 2894990 official report, JP,5-285376,A). By using a cross-linking monomer, the structure of 
cross linkage can be introduced into the polymer which forms an outer shell, and the thermal 
resistance and the melting fluidity of a heat-expandable microsphere can be improved by it. 
[0010] if the degree of cross linking of the polymer which forms an outer shell becomes large, 
since [ however, ] the thermal-expansion nature of a heat-expandable microsphere will be 
spoiled — each example of these advanced-technology reference — a cross linking agent — a 
polymerization nature monomer — only being preferably used 1 or less % of the weight at 0.2 - 
0.6% of the weight of a very small rate — it is . However, if the operating rate of a cross linking 
agent is small, the heat-expandable microsphere with which the working characteristic has fully 
been improved cannot be obtained. Moreover, since the outer shell formed from the conventional 
cross linked polymer had the large temperature dependence of an elastic modulus, the proper 
temperature region of processing was very narrow, and was a thing inferior to a working 
characteristic. Furthermore, the outer shell formed from the conventional cross linked polymer 
had the inadequate resistance over polar solvents or a plasticizer. In addition, in fact, since the 
outer shell formed from the conventional cross linked polymer was limited to the polymer of a 
specific presentation, the design of the heat-expandable microsphere which is excellent in 
compatibility with the thermoplastics to be used was still more difficult for it. 
[0011] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the heat- 
expandable microsphere suitable for processing of kneading processing to which strong shearing 
force is applied, calendering, extrusion, injection molding, etc., and its manufacture approach. 
[0012] Especially the purpose of this invention has the small temperature dependence of the 
elastic modulus of the outer shell formed from the polymer, and it is to offer the large heat- 
expandable microsphere and its manufacture approach of a proper temperature region of 
processing. 

[0013] Other purposes of this invention are to polar solvents, a plasticizer, etc. to offer the high 
heat-expandable microsphere and its manufacture approach of maintenance capacity of 
resistance (chemical resistance, solvent resistance) and a foaming property. 
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[0014] this invention persons found out that the heat-expandable microsphere with which the 
working characteristic was improved notably was obtained, without spoiling thermal-expansion 
nature to a surprising thing by forming the outer shell of a heat-expandable microsphere with a 
polymerization nature monomer and the polymer obtained on the basis of this polymerization 
nature monomer by carrying out the polymerization of the cross-linking monomer of the rate of 5 
or less % of the weight of excess 1% of the weight, as a result of inquiring wholeheartedly, in 
order to attain said purpose. As a cross-linking monomer, the cross-linking monomer of two 
organic functions is desirable, and especially the compound of the structure where two 
polymerization nature carbon-carbon double bonds were connected through the flexibility chain 
is desirable. This invention comes to be completed based on these knowledge. 
[0015] 

[Means for Solving the Problem] In a heat-expandable microsphere with the structure where the 
foaming agent was enclosed in the outer shell formed from the polymer according to this 
invention (1) The outer shell formed from the polymer is formed from a polymerization nature 
monomer and the polymer which comes to carry out the polymerization of the cross-linking 
monomer of the rate of 5 or less % of the weight of excess 1% of the weight on the basis of this 
polymerization nature monomer. And (2) The heat-expandable microsphere characterized by the 
maximum expansion ratio being 5 or more times is offered. 

[0016] The suspension polymerization of the polymerization nature mixture which contains a 
foaming agent, a polymerization nature monomer, and a cross-linking monomer at least is carried 
out in a body, furthermore — according to this invention — a drainage system dispersion 
medium — In the approach of manufacturing a fizz microsphere with the structure where the 
foaming agent was enclosed in the outer shell formed from the generation polymer The 
manufacture approach of the heat-expandable microsphere which carries out the suspension 
polymerization of the polymerization nature mixture which contains a cross-linking monomer 1% 
of the weight on the basis of a polymerization nature monomer at a rate of 5 or less % of the 
weight of excess, and is characterized by the maximum expansion ratio obtaining the heat- 
expandable microsphere of 5 times or more is offered. 
[0017] 

[Embodiment of the Invention] 1. Heat-expandable Microsphere of Manufacture Approach this 
Invention of Heat-expandable Microsphere In a drainage system distribution medium, the 
suspension polymerization of the polymerization nature mixture which contains a foaming agent, 
a polymerization nature monomer, and a cross-linking monomer at least is carried out. In the 
approach of manufacturing a heat-expandable microsphere with the structure where the foaming 
agent was enclosed in the outer shell formed from the generation polymer, it can obtain by 
carrying out the suspension polymerization of the polymerization nature mixture which contains a 
cross linking agent 1% of the weight on the basis of a polymerization nature monomer at a rate of 
5 or less % of the weight of excess. The maximum expansion ratio can obtain the heat- 
expandable microsphere of 10 times or more preferably 5 or more times by adjusting the class of 
polymerization nature monomer, the class of cross linking agent, an operating rate, etc. In this 
invention, the maximum expansion ratio means the expansion ratio in the foaming temperature 
from which the maximum expansion ratio of a heat-expandable microsphere is obtained. The 
measuring method of the maximum expansion ratio is mentioned later. 

[0018] (1) The foaming agent used by foaming agent this invention is matter which usually 
becomes a gas at the temperature below the softening temperature of the polymer which forms 
an outer shell. As such a foaming agent, the boiling point is usually desirable 150 degrees C or 
less, and 130 degrees C or less of 120 degrees C or less of low-boiling point organic solvents 
110 degrees C or less are especially preferably suitable more preferably. 

[0019] When the example of a foaming agent is given with the boiling point, ethane (-89 degrees 
C), ethylene (-102.4 degrees C), A propane (-42.1 degrees C), a propene (-47.7 degrees C), n- 
butane (-0.5 degrees C), An isobutane (-12 degrees C), a butene (-6.47 degrees C), isobutene (- 
6.6 degrees C), N pentane (36 degrees C), an isopentane (27.85 degrees C), a neopentane (9.5 
degrees C), 2,2,4-trimethylpentane (99.25 degrees C), n-hexane (69 degrees C), 
Chlorofluorocarbon [, such as hydrocarbon;CCI3F (23.8 degrees C) ], such as an isohexane (60.3 
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degrees C), the petroleum ether (27-67 degrees C), and a heptane (98.4 degrees C); there is 
tetraalkylsilane [, such as a tetramethylsilane (26.6 degrees C), ]; etc. These foaming agents are 
independent, respectively, or can be used combining two or more sorts. 

[0020] It is desirable that the boiling points, such as for example, n-hexane, an isohexane, a 
heptane, and 2,2,4-trimethylpentane, make it foam under the elevated temperature at the time of 
processing and high shear conditions especially using a hydrocarbon system foaming agent 60 
degrees C or more when it desires a heat-expandable microsphere which is not destroyed 
simply. Especially the thing for which the boiling point like a heptane or 2,2,4-trimethylpentane 
uses a hydrocarbon system foaming agent 70 degrees C or more also in these is desirable. The 
60-120 degrees C of the range of 60-130 degrees C of the boiling point of these foaming agents 
are 70-110 degrees C especially preferably more preferably. 

[0021] Although the hydrocarbon system foaming agent which has the boiling point 60 degrees C 
or more may be used independently, respectively, if the boiling point uses it combining a less 
than 60-degree C hydrocarbon system foaming agent, it can obtain higher expansion ratio. That 
is, when the same quantity of a foaming agent is used, since the number of mols of a low-boiling 
point hydrocarbon system foaming agent [ less than 60-degree C ] increases, it is contributed to 
increase of expansion ratio, and the hydrocarbon system foaming agent which has the boiling 
point 60 degrees C or more is contributed to thermal resistance or the foaming property in an 
elevated temperature. The operating rates of a hydrocarbon system foaming agent of having the 
boiling point 60 degrees C or more are all foam weight criteria, and are 90 or less % of the weight 
20 % of the weight or more 95 or less % of the weight 15 % of the weight or more 100 or less % of 
the weight 10 % of the weight or more especially preferably more preferably. 
[0022] (2) As a polymerization nature monomer and a polymerization weight affinity monomer, 
vinyl system monomers, such as methacrylic ester; acrylonitrile, such as acrylic ester; methyl 
methacrylates, such as a methyl acrylate, an ethyl acrylate, butyl acrylate, and 
dicyclopentenylacrylate, ethyl methacrylate, methacrylic-acid butyl, and isobornyl methacrylate, 
a methacrylonitrile, a vinylidene chloride, a vinyl chloride, styrene, vinyl acetate, alpha methyl 
styrene, a chloroprene, a neoprene, and a butadiene, are mentioned. These polymerization nature 
monomers are independent, respectively, or can be used combining two or more sorts. 
[0023] The polymer which forms an outer shell is thermoplasticity and, as for a heat-expandable 
microsphere, what has gas barrier property is desirable. A vinylidene-chloride (**) polymer and 
(meta) an acrylonitrile (**) polymer are desirable as a polymer which forms an outer shell from 
these viewpoints. 

[0024] The polymer obtained as a polymerization nature monomer as a vinylidene-chloride (**) 
polymer using the mixture of vinylidene-chloride independence or a vinylidene chloride, this, and 
a copolymerizable vinyl system monomer (**) can be mentioned. As a vinylidene chloride and a 
copolymerizable monomer, acrylonitrile, a methacrylonitrile, methacrylic ester, acrylic ester, 
styrene, vinyl acetate, etc. are mentioned, for example. 

[0025] As such a vinylidene-chloride (**) polymer, they are 30 - 100 % of the weight of (A) 
vinylidene chlorides, and (B) as a polymerization nature monomer. The polymer (**) obtained 
using 0-70 % of the weight of a kind of monomers chosen from the group which consists of 
acrylonitrile, a methacrylonitrile, acrylic ester, methacrylic ester, styrene, and vinyl acetate at 
least is desirable. Since the gas barrier property of an outer shell falls too much that the 
copolymerization rate of a vinylidene chloride is less than 30 % of the weight, it is not desirable. 
[0026] moreover — a vinylidene chloride (**) — a polymer — ****** — a polymerization — a 
sex — a monomer — ****** — a vinylidene chloride (A1) — 40 - 80 — % of the weight — 
acrylonitrile (B1) — and — a methacrylonitrile — from — becoming — a group — choosing — 
having — at least — a kind — a monomer — zero - 60 — % of the weight — ( — B~2 — ) — 
acrylic ester — and — methacrylic ester — from — becoming — a group — choosing — having 
— at least — a kind — a monomer — zero - 60 — % of the weight — using — obtaining — 
having had — a copolymer — being desirable . By considering as such a copolymer, the design 
of foaming temperature is easy and tends to attain high expansion ratio. 

[0027] When it desires solvent resistance and fizz in an elevated temperature, it is desirable to 
form an outer shell with an acrylonitrile (meta) (**) polymer. (Meta) The polymer obtained as a 
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polymerization nature monomer as an acrylonitrile (**) polymer using acrylonitrile (meta) 
independence or (meta) acrylonitrile, it, and a copolymerizable vinyl system monomer (**) can be 
mentioned. (Meta) As acrylonitrile and a copolymerizable vinyl system monomer, a vinylidene 
chloride, acrylic ester, methacrylic ester, styrene, vinyl acetate, etc. are mentioned. 
[0028] As such (meta) an acrylonitrile (**) polymer, it is (C) as a polymerization nature monomer. 
30 - 100 % of the weight of at least a kind of monomers chosen from the group which consists of 
acrylonitrile and a methacrylonitrile, and (D) The polymer (**) obtained using 0-70 % of the 
weight of a kind of monomers chosen from the group which consists of a vinylidene chloride, 
acrylic ester, methacrylic ester, styrene, and vinyl acetate at least is desirable. (Meta) The 
copolymerization rate of acrylonitrile becomes inadequate [ solvent resistance or thermal 
resistance ] at less than 30 % of the weight. 

[0029] (Meta) The operating rate of acrylonitrile (meta) of an acrylonitrile (**) polymer is large, a 
polymer with high (**) foaming temperature and its operating rate of acrylonitrile (meta) are 
small, and foaming temperature can divide it into a low (**) polymer. (Meta) As a polymer with 
the large (**) operating rate of acrylonitrile, it is (C) as a polymerization nature monomer. 80 - 
100 % of the weight of at least a kind of monomers chosen from the group which consists of 
acrylonitrile and a methacrylonitrile, and (D) The polymer (**) obtained using 0-20 % of the 
weight of a kind of monomers chosen from the group which consists of a vinylidene chloride, 
acrylic ester, methacrylic ester, styrene, and vinyl acetate at least is mentioned. On the other 
hand as a polymer with the small (**) operating rate of acrylonitrile (meta) As a polymerization 
nature monomer, it is (C). Less than 80 % of the weight at least of a kind of 30-% of the weight or 
more monomers chosen from the group which consists of acrylonitrile and a methacrylonitrile, 
(D) The copolymer obtained using 70 or less % of the weight at least of a kind of excess of 20 % 
of the weight of monomers by which it is chosen out of the group which consists of a vinylidene 
chloride, acrylic ester, methacrylic ester, styrene, and vinyl acetate is mentioned. 
[0030] Moreover, an acrylonitrile (meta) (**) polymer has at least the desirable polymer (**) 
obtained using 51 - 100 % of the weight of a kind of monomers chosen from the group which 
consists of acrylonitrile (C1) and a methacrylonitrile as a polymerization nature monomer, and 0 

- 40 % of the weight (D1) of vinylidene chlorides and 0-48 % of the weight of at least a kind of 
monomers chosen from the group which consists of acrylic ester (D2) and methacrylic ester. 
[0031] When a polymer (**) which does not contain a vinylidene chloride is desired as a polymer 
of an outer shell, it is (E) as a polymerization nature monomer. 30 - 100 % of the weight of at 
least a kind of monomers chosen from the group which consists of acrylonitrile and a 
methacrylonitrile, and (F) The acrylonitrile (meta) (**) polymer obtained using 0-70 % of the 
weight of a kind of monomers chosen from the group which consists of acrylic ester and 
methacrylic ester at least is desirable, moreover — as a polymerization nature monomer — 1 - 
99 % of the weight (E1) of acrylonitrile, 1 - 99 % of the weight (E2) of methacrylonitriles, and (F) 
The copolymer obtained using 0-70 % of the weight of a kind of monomers chosen from the 
group which consists of acrylic ester and methacrylic ester at least is desirable. 

[0032] Furthermore, in order to obtain the heat-expandable microsphere excellent in workability, 
fizz, gas barrier property, especially solvent resistance, etc. The acrylonitrile (meta) (**) polymer 
of an outer shell as a polymerization nature monomer 20 - 80 % of the weight of acrylonitrile, 20 

- 80 % of the weight (E2) of methacrylonitriles, (E1) (F) It is desirable that it is the copolymer 
obtained using 0-20 % of the weight of a kind of monomers chosen from the group which 
consists of acrylic ester and methacrylic ester at least. 

[0033] (3) In cross-linking monomer this invention, in order to improve a working characteristic, a 
foaming property, thermal resistance, solvent resistance (chemical resistance), etc. with the 
polymerization nature monomer like the above, use a cross-linking monomer. As a cross-linking 
monomer, the polyfunctional compound which has two or more polymerization nature carbon- 
carbon double bonds is usually used. As a polymerization nature carbon-carbon double bond, a 
vinyl group, an methacrylic radical, an acrylic radical, an allyl group, etc. are mentioned, two or 
more polymerization nature carbon-carbon double bonds are the same respectively — or it may 
be different from each other. 

[0034] Concretely, as a cross-linking monomer, the cross-linking monomer of two organic 
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functions, such as divinyl compound [, such as acrylate (meta);N of the aliphatic series both- 
ends alcoholic origins such as diethylene nature unsaturated-carboxylic-acid ester; 1,4- 
butanediol /, such as aromatic series divinyl compound; ethylene GURIKORUJI (meta) acrylate, 
such as a divinylbenzene, divinyl naphthalene and these derivatives, and diethylene GURIKORUJI 
(meta) acrylate, /, 1, and 9-nonane diol, N-divinyl aniline, and the divinyl ether, ];, is mentioned, 
for example. Moreover, the polyfunctional cross-linking monomers, Tori (meta) acrylic-acid 
trimethylol propane, pen TAERISURITORUTORI (meta) acrylate, triacrylformal, etc., of three or 
more organic functions are mentioned as a cross-linking monomer. 

[0035] The 2 organic-functions cross-linking monomer which has two polymerization nature 
carbon-carbon double bonds in that it is easy to balance fizz and a working characteristic also in 
a cross-linking monomer is desirable. When an operating rate increases in the case of the 
polyfunctional cross-linking monomer of three or more organic functions, there is a case where 
foaming will not take place even if the polymer which forms an outer shell loses and heats the 
property as thermoplastics. 

[0036] It is desirable that it is the compound of the structure where two polymerization nature 
carbon-carbon double bonds were connected directly or indirectly through the flexibility chain 
guided from the diol compound chosen from the group which consists of a polyethylene glycol, a 
polypropylene glycol, alkyl diol, alkyl ether diol, and alkyl ester diol as a 2 organic-functions 
cross-linking monomer. 

[0037] as a cross-linking monomer, it can exceed 1 % of the weight for the 2 organic-functions 
cross-linking monomer which has such a flexibility chain, and 5 or less % of the weight of the 
heat-expandable microsphere with which neither destruction of an outer shell nor dissipation of 
endocyst gas can take place easily even if it can make small temperature dependence of the 
elastic modulus of the polymer of an outer shell and will receive shearing force at processing 
processes, such as kneading processing, calendering, extrusion, and injection molding, holding 
expansion ratio to altitude, if it comes out comparatively and uses can be obtained. 
[0038] If the 2 organic-functions cross-linking monomer which has a flexibility chain is used at a 
specific rate, it will be presumed that good strain-hardening sexual physical properties can be 
given to an outer shell polymer layer. Strain-hardening nature is a property that bigger flow 
stress is needed, in order to add deformation further as deformation becomes large. That is, an 
outer shell polymer layer is extended as foaming begins and advances. Only the part of the 
polymer layer which became thin is not then extended further by flow stress, but a part with the 
thick polymer layer which deformation is still small, and flow stress is small, and ends is extended 
preferentially. Even if the degree of cross linking of an outer shell polymer layer is high, high 
expansion ratio is obtained by it. Moreover, since the thickness of an outer shell polymer layer is 
homogeneity, temperature, shearing force, and the drag force to solvents become large. The part 
which connects a polymerization nature carbon-carbon double bond is upright structure, or if 
there is too much amount of the cross-linking monomer used, strain-hardening nature will 
become large too much, expansion ratio falls sharply, or when severe, it stops on the other hand, 
foaming at all. 

[0039] As a 2 organic-functions cross-linking monomer of the structure where two 
polymerization nature carbon-carbon double bonds were connected through the aforementioned 
flexibility chain, polyethylene GURIKORUJI (meta) acrylate, polypropylene GURIKORUJI (meta) 
acrylate, alkyl JIORUJI (meta) acrylate, alkyl ether JIORUJI (meta) acrylate, alkyl ester JIORUJI 
(meta) acrylate, and two or more sorts of such mixture are mentioned, for example. 
[0040] As a 2 organic-functions cross-linking monomer, more concretely Diethylene 
GURIKORUJI (meta) acrylate, TORIECHIRENGURIKORUJI (meta) acrylate, Polyethylene 
GURIKORUJI (meta) acrylate [ethyleneoxide units (-CH2 CH2 0-), such as tetra-ethylene 
GURIKORUJI (meta) acrylate, usually 2-15 piece]; Zypro pyrene GURIKORUJI (meta) acrylate, 
Tripropylene GURIKORUJI (meta) acrylate, Tetrapropylene GURIKORUJI (Meta) polypropylene 
GURIKORUJI (meta) acrylate [, such as acrylate, — a propylene oxide unit [-CH(CH3) CH2 0-] 
or [-CH2 CH(CH3) 0-] — usually — 2 - 20-piece] — ; ethylene GURIKORUJI (meta) acrylate — 
Propylene GURIKORUJI (meta) acrylate, 1, 3-pro pansy ORUJI (meta) acrylate, 1, 4-butane 
JIORUJI (meta) acrylate, 1, 3-butylene JIORUJI (meta) acrylate, 1, 6-hexane JIORUJI (meta) 
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acrylate, 1, 9-nonane JIORUJI (meta) acrylate, Neopentyl GURIKORUJI (meta) acrylate, the 3- 
methyl -1, 5-pentane JIORUJI (meta) acrylate, The 2-methyl -1, 8-octane JIORUJI (meta) 
acrylate, 2, the 4-diethyl -1, 5-pentane JIORUJI (meta) acrylate, 2-hydroxy - Alkyl JIORUJI 
(meta) acrylate, such as 1 and 3-pro pansy ORUJI (meta) acrylate (a refraction sex linkage 
consists of aliphatic series carbon) the carbon atomic number of the connection section — 
usually — 2-20 piece; — an alkyl ether JIORUJI (meta) acrylate [flexibility chain like 3-OKISA 
-1 and 6-hexane JIORUJI (meta) acrylate consists of aliphatic series carbon and ether linkage. 
When the number of ether linkage is one (-R1-0-R2-), each aliphatic series carbon is not 
usually the same (R1 !=R2). ] ; An alkyl ester JIORUJI (meta) acrylate [flexibility chain like 
hydroxy pivalate neopentyl GURIKORUJI (meta) acrylate consists of aliphatic series carbon and 
an ester bond. (-R1-COO-R2-) ]; etc. is mentioned. 

[0041] The minimum of the operating rate of a cross-linking monomer is an excess of 1 % of the 
weight on the basis of a polymerization nature monomer (polymerization nature monomer = 100 % 
of the weight), and is 1.3 % of the weight especially preferably 1.2% of the weight more preferably 
1.1% of the weight. The upper limit of the operating rate of a cross-linking monomer is 3 % of the 
weight more preferably 4% of the weight 5% of the weight. Especially when using the 2 organic- 
functions copolymeric monomer of the structure where two polymerization nature carbon-carbon 
double bonds were connected through the aforementioned flexibility chain, in many cases, the 
operating rate of a cross-linking monomer can obtain easily the still better result in 1.5 - 3% of 
the weight of the range 1.4 to 4% of the weight. 

[0042] Only the same working characteristic as the conventional heat-expandable microsphere 
can be acquired as the operating rate of a cross-linking monomer is 1 or less % of the weight. On 
the other hand, an outer shell polymer loses thermoplasticity as the operating rate of a cross 
linking agent is excessive, and foaming becomes difficult. 

[0043] (4) Although what is not limited but is generally used in this field especially as a 
polymerization initiator polymerization initiator can be used, the oil solubility polymerization 
initiator which is fusibility is desirable to a polymerization nature monomer. For example, 
peroxidation dialkyl, peroxidation diacyl, peroxy ester, peroxi dicarbonate, and an azo compound 
are more concretely mentioned as a polymerization initiator, the case where preliminary 
polymerization needs to be controlled although a polymerization initiator is made to usually 
contain in monomer mixture — granulation — after in process or a granulation process — the 
part or all — a drainage system dispersion medium — it may add inside of the body and you may 
make it shift into the drop of polymerization nature mixture A polymerization initiator is drainage 
system dispersion-medium object criteria, and is usually used at 0.0001 - 3% of the weight of a 
rate. 

[0044] (5) the drainage system dispersion medium in which a drainage system dispersion-medium 
object suspension polymerization usually contains a distributed stabilizer — it is carried out in a 
body. As a distributed stabilizer, non-subtlety particles, such as a silica and a magnesium 
hydroxide, can be mentioned, for example. In addition, the condensation product of an auxiliary 
stabilizer, for example, diethanolamine and aliphatic series dicarboxylic acid, a polyvinyl 
pyrrolidone, polyethylene oxide, various emulsifiers, etc. can be used. A distributed stabilizer is 
usually used at a rate of 0.1 - 20 weight section to the polymerization nature monomer 100 
weight section. 

[0045] The drainage system dispersion-medium object containing a distributed stabilizer blends a 
distributed stabilizer and an auxiliary stabilizer with deionized water, and usually prepares them. 
pH of the aqueous phase at the time of a polymerization is suitably decided according to the 
class of the distributed stabilizer to be used or auxiliary stabilizer. For example, when using 
silicas, such as colloidal silica, as a distributed stabilizer, a polymerization is performed under an 
acid environment. In order to make a drainage system dispersion-medium object into acidity, an 
acid is added if needed and pH of a system is preferably adjusted to about three to four pH six 
or less. In the case of the distributed stabilizer which dissolves in a drainage system dispersion- 
medium object under acid environments, such as a magnesium hydroxide and calcium phosphate, 
a polymerization is carried out under an alkaline environment. 

[0046] There is combination of colloidal silica and a condensation product as one of the desirable 
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combination of a distributed stabilizer. As a condensation product, the condensation product of 
diethanolamine and aliphatic series dicarboxylic acid is desirable, and the condensate of 
diethanolamine and an adipic acid and the condensation product of diethanolamine and an 
itaconic acid are especially desirable. As for the acid number of a condensation product, it is 
desirable that it is [ or more 60 ] less than 95, and it is more desirable that it is 65-90. 
Furthermore, if the mineral salt of a sodium chloride, a sodium sulfate, etc. is added, the heat- 
expandable microsphere which has more uniform particle shape will become is easy to be 
obtained. As mineral salt, salt is usually used suitably. 

[0047] although the amount of the colloidal silica used changes also with the particle diameter — 
usually — the polymerization nature monomer 100 weight section — receiving — 1-20 weight 
section — 2-15 weight section comes out comparatively preferably. A condensation product is 
usually used at a rate of 0.05 - 2 weight section to the polymerization nature monomer 100 
weight section. Mineral salt is used at a rate of the 0-100 weight section to the polymerization 
nature monomer 100 weight section. 

[0048] As other desirable combination of a distributed stabilizer, the combination of colloidal 
silica and a water-soluble nitrogen content compound is mentioned. Also in these, the 
combination of colloidal silica and a polyvinyl pyrrolidone is used suitably. Furthermore, as other 
desirable combination, there is combination of a magnesium hydroxide and/or calcium phosphate, 
and an emulsifier. 

[0049] As a distributed stabilizer, the colloid of the difficulty water solubility metal hydroxide (for 
example, magnesium hydroxide) obtained by the reaction in the aqueous phase of a water- 
soluble polyvalent-metallic-salt compound (for example, magnesium chloride) and hydroxylation 
alkali metal (for example, sodium hydroxide) can be used. Moreover, as calcium phosphate, the 
resultant in the inside of the aqueous phase of sodium phosphate and a calcium chloride can be 
used. 

[0050] Although an emulsifier generally is not used, an anionic detergent, for example, dialkyl 
sulfo succinate, the phosphoric ester of the polyoxyethylene alkyl (allyl compound) ether, etc. 
may be used for it by request. 

[0051] as a polymerization assistant — a drainage system dispersion medium — a kind of 
compound chosen from the group which becomes the inside of the body from a nitrous-acid 
alkali-metal salt, a stannous chloride, a stannic chloride, water-soluble ascorbic acids, and boric 
acid can be made to exist at least If a suspension polymerization is performed to the bottom of 
existence of these compounds, it is stabilized condensation of polymerization particles not taking 
place, and a polymerization object not adhering to a polymerization can wall at the time of a 
polymerization, and removing generation of heat by the polymerization efficiently, and a heat- 
expandable microsphere can be manufactured. 

[0052] In a nitrous-acid alkali-metal salt, a sodium nitrite and a potassium nitrite are desirable in 
respect of the ease of acquisition, or a price. As ascorbic acids, although the metal salt of an 
ascorbic acid and an ascorbic acid, the ester of an ascorbic acid, etc. are mentioned, a water- 
soluble thing is suitably used also in these. Here, for water-soluble ascorbic acids, the solubility 
over 23-degree C water is 1g/100cm3. What it is above is meant and an ascorbic acid and its 
alkali-metal salt are desirable. Also in these, L-ascorbic acid (vitamin C), sodium ascorbate, and 
an ascorbic-acid potassium are the points of the ease of acquisition, or the price and the 
operation effectiveness, and are used especially suitably, these compounds — the 
polymerization nature monomer 100 weight section — receiving — usually — 0.001 - 1 weight 
section — the 0.01 - 0.1 weight section comes out comparatively preferably, and it is used. 
[0053] (6) although the sequence which adds each component on a suspension-polymerization 
drainage system dispersion-medium object is arbitrary — usually — water, a distributed 
stabilizer, and the need — responding — a stabilization assistant, a polymerization assistant, etc. 
— in addition, prepare the drainage system dispersion-medium object containing a distributed 
stabilizer, on the other hand — a foaming agent, a polymerization nature monomer, and a cross- 
linking monomer — separate — a drainage system dispersion-medium object — in addition, a 
drainage system dispersion medium — although it may unify in a body and polymerization nature 
mixture (oil mixture) may be formed, since these are usually mixed beforehand — a drainage 
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system dispersion medium — it adds inside of the body, the case where an early polymerization 
needs to be avoided although a polymerization initiator can be beforehand added and used for a 
polymerization nature monomer — for example, polymerization nature mixture — a drainage 
system dispersion medium — while adding and stirring inside of the body — a polymerization 
initiator — adding — a drainage system dispersion medium — you may unify in a body. Another 
container performs mixing with polymerization nature mixture and a drainage system dispersion- 
medium object, and you may also teach a polymerization can, after carrying out stirring mixing by 
the agitator and disperser which have high shearing force. 

[0054] carrying out stirring mixing of polymerization nature mixture and the drainage system 
dispersion-medium object — a drainage system dispersion medium — the drop of polymerization 
nature mixture is corned in a body. Although it is desirable to make it mostly in agreement with 
the mean particle diameter of the heat-expandable microsphere made into the purpose as for 
the mean particle diameter of a drop, it is usually about 3-100 micrometers. In order for particle 
size distribution to obtain a very sharp heat-expandable microsphere, it is desirable to adopt the 
approach of supplying a drainage system dispersion-medium object and polymerization nature 
mixture to the continuous system high-speed rotation quantity shearing-die stirring distribution 
inside of a plane, pouring in the dispersion liquid obtained after stirring both continuously and 
making it distributing by this stirring distribution in a plane into a polymerization tank, and 
performing a suspension polymerization within this polymerization tank. 

[0055] In the process which more specifically supplies a drainage system dispersion-medium 
object and polymerization nature mixture to the continuous system high-speed rotation quantity 
shearing-die stirring distribution inside of a plane ** How to supply continuously a drainage 
system dispersion-medium object and polymerization nature mixture to the continuous system 
high-speed rotation quantity shearing-die stirring distribution inside of a plane by the fixed ratio 
as respectively different flow, And ** drainage system dispersion-medium object and 
polymerization nature mixture are poured in into a distributed tub, and after stirring both and 
making it distribute primarily within this distributed tub, there is the approach of supplying the 
obtained primary dispersion liquid to the continuous system high-speed rotation quantity 
shearing-die stirring distribution inside of a plane. 

[0056] By the approach of the aforementioned **, in the process which supplies a drainage 
system dispersion-medium object and polymerization nature mixture to the continuous system 
high-speed rotation quantity shearing-die stirring distribution inside of a plane, the drainage 
system dispersion-medium object 1 and the polymerization nature mixture 2 are continuously 
supplied to the continuous system high-speed rotation quantity shearing-die stirring distribution 
inside of a plane with a fixed ratio as respectively different flow, for example so that it may be 
shown drawing 2 . The drainage system dispersion-medium object 1 is held in the tank 3, and, 
specifically, the polymerization nature mixture 2 is held in the tank 4, respectively. The 
polymerization nature mixture 2 is supplied for the drainage system dispersion-medium object 1 
as respectively different flow from Rhine 8 from Rhine 6 using a pump 7 using a pump 5 in the 
continuous system high-speed rotation quantity shearing-die stirring disperser 9. The supply 
ratio of the drainage system dispersion-medium object 1 and the polymerization nature mixture 2 
is within the limits of 1:1-6:1, and is usually within the limits of 2:1-4:1 more preferably. After 
stirring both continuously and making it distribute in this stirring disperser 9, the obtained 
dispersion liquid are poured in into a polymerization tank 11 through Rhine 10, and a suspension 
polymerization is performed within this polymerization tank 11. 

[0057] The drainage system dispersion-medium object 1 and the polymerization nature mixture 2 
are poured in into the distributed tub 12, and both are stirred and it is made to distribute 
primarily within this distributed tub 12 by the approach of the aforementioned **, in the process 
which supplies a drainage system dispersion-medium object and polymerization nature mixture to 
the continuous system high-speed rotation quantity shearing-die stirring distribution inside of a 
plane, as shown in drawing 3 . In the distributed tub 12, it usually has the general stirring aerofoil. 
The ratio of the drainage system dispersion-medium object 1 and the **** mixture 2 is within 
the limits of 1:1-6:1, and is usually within the limits of 2:1-4:1 more preferably. The primary 
dispersion liquid obtained by stirring within the distributed tub are supplied through Rhine 14 
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using a pump 13 in the continuous system high-speed rotation quantity shearing-die stirring 
disperser 9. After stirring primary dispersion liquid further and making it distribute in this stirring 
disperser 9, the obtained dispersion liquid are poured in into a polymerization tank 11 through 
Rhine 15, and a suspension polymerization is performed within this polymerization tank 11. 
According to the approach of the above-mentioned **, particle size distribution is stabilized and 
can obtain a sharp heat-expandable microsphere. 

[0058] By adopting such an approach, by 3-100 micrometers, the coefficient of variation of 
particle size distribution is desirable, and mean particle diameter can obtain more preferably the 
heat-expandable microsphere which has 1.10% or less of sharp particle size distribution 
preferably especially 1.30% or less 1.50% or less. The heat-expandable microsphere with sharp 
particle size distribution has sharp foaming, and uniform foam and a foaming article can be given. 
[0059] In this invention, a batch process high-speed rotation quantity shear disperser as shown 
" n drawing 4 can be used. By the approach using a batch process high-speed rotation quantity 
shear disperser, by carrying out stirring distribution, the drainage system dispersion-medium 
object 1 and the polymerization nature mixture 2 are thrown in in the batch process high-speed 
rotation quantity shear disperser 16, the minute drop of polymerization nature mixture is corned, 
subsequently, dispersion liquid are poured in into a polymerization tank 11 via Rhine 18 using a 
pump 17, and a suspension polymerization is performed within this polymerization tank. 
[0060] Usually a suspension polymerization deaerates the inside of a reaction vessel, or 
permutes it with inert gas, carries out a temperature up to the temperature of 30-100 degrees 
C, and is performed. The aqueous phase is removed by filtration, centrifugal separation, and 
sedimentation after a suspension polymerization. Heat-expandable microspheres are collected in 
the state of a wet cake, after filtering and washing, it is extent to which a foaming agent does 
not gasify a heat-expandable microsphere if needed — it dries at low temperature 
comparatively. A heat-expandable microsphere can perform surface treatment with various 
compounds, and can also make non-subtlety powder adhere by request. Furthermore, a front 
face can also be coated with various ingredients other than non-subtlety powder. 
[0061] 2. Although the heat-expandable microsphere of heat-expandable microsphere this 
invention has the structure where the foaming agent was enclosed in the outer shell formed from 
the polymer and an outer shell polymer is formed from the polymerization of a polymerization 
nature monomer (usually vinyl system monomer), in this invention, it is a polymerization nature 
monomer and polymerization nature monomer criteria, and is formed by carrying out the 
polymerization of the cross-linking monomer of 5 or less % of the weight of excess 1% of the 
weight. 

[0062] In addition to a polymerization nature monomer, comparatively a lot of cross-linking 
monomers and since it is preferably formed using the 2 organic-functions cross-linking 
monomer, the temperature dependence of the elastic modulus of an outer shell polymer is [ the 
outer shell polymer ] small [ the heat-expandable microsphere of this invention ]. If kneading 
processing, calendering, extrusion, injection molding, etc. are processed, neither destruction of an 
outer shell nor dissipation of endocyst gas can take place the resin constituent which followed, 
for example, blended the heat-expandable microsphere of this invention with thermoplastics 
easily. 

[0063] Moreover, since the heat-expandable microsphere of this invention has the small 
temperature dependence of the elastic modulus of an outer shell polymer, the large processing 
appropriate temperature range for foaming to homogeneity can be taken. Please refer to drawing 
1 at this point. Drawi n g 1 is a graph which shows the relation between the elastic modulus of an 
outer shell polymer, and measurement temperature. Since an elastic modulus will fall rapidly if 
temperature rises, the outer shell polymer (a) of the conventional heat-expandable microsphere 
has the narrow temperature requirement (a2~a1) of the elastic-modulus field which carries out 
suitable foaming (homogeneity foaming). On the other hand, since the outer shell polymer (b) of 
the heat-expandable microsphere of this invention has the wide temperature requirement (b2- 
b1) of the elastic-modulus field which carries out suitable foaming, the large processing 
appropriate temperature range for foaming to homogeneity can be taken. 

[0064] Although especially the mean particle diameter of the heat-expandable microsphere of 
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this invention is not limited, it is usually within the limits of 5-50 micrometers preferably 3-100 
micrometers. Fizz will become inadequate if this mean particle diameter is too small, the field as 
which a beautiful appearance will be required if mean particle diameter is too large — a front 
face — rough — ** — a sake — not being desirable — moreover, it becomes inadequate [ the 
resistance over shearing force ]. 

[0065] Although especially the coefficient of variation of the particle size distribution is not 
restricted, as for the heat-expandable microsphere of this invention, it is desirable that this 
coefficient of variation is 1.50% or less especially for the application as which sharp foaming is 
required. The coefficient of variation of particle size distribution is 1.10% or less especially 
preferably 1.30% or less more preferably. When this coefficient of variation is too large, the heat- 
expandable microsphere of large particle diameter and small particle diameter will be 
intermingled. In order that the direction of large particle diameter may show the inclination for 
foaming initiation temperature to become low, in order to prevent early foaming and to obtain 
uniform foaming, it is more desirable than small particle diameter to make small coefficient of 
variation of a heat-expandable microsphere. As an approach of obtaining a heat-expandable 
microsphere with a very small coefficient of variation of particle size distribution, the approach 
of the above-mentioned ** and ** is mentioned. 

[0066] In this invention, the coefficient of variation of particle size distribution is a value 
computed based on the following formula (1) and (2). 



[0069] (The inside of a formula, mu= average, xj = particle diameter, qj = frequency distribution) 
[0070] The contents of the foaming agent in the heat-expandable microsphere of this invention 
are all weight criteria, and are usually 7-35 % of the weight preferably five to 50% of the weight. 
If there are too few contents of a foaming agent, expansion ratio will become inadequate, and if 
too large, the thickness of an outer shell will become thin and it will lifting-come to be easy of 
early foaming and the burst of an outer shell at the time of processing in response to the 
shearing force under heating. As a foaming agent, there are a low-boiling point organic solvent, a 
compound which decomposes with heating and generates gas, and a low-boiling point organic 
solvent is desirable also in these. A foaming agent is chosen from what becomes a gas at the 
temperature below the softening temperature of the polymer which forms an outer shell. 
[0071] The outer shell of the heat-expandable microsphere of this invention is usually formed 
from the polymer excellent in gas barrier property and thermal resistance. Specifically, it can 
form using various polymerization nature monomers, such as acrylic ester, acrylonitrile (meta), a 
vinylidene chloride, a vinyl chloride, and styrene, as described above. Also in these, a vinylidene- 
chloride (**) polymer and (meta) an acrylonitrile (**) polymer are desirable, when making gas 
barrier property, solvent resistance, thermal resistance, fizz, etc. balance highly. According to 
this invention, the heat-expandable microsphere in which various foaming behavior is shown can 
be obtained by the combination of a polymerization nature monomer and the control of a 
presentation ratio to be used, and selection of the class of foaming agent. 

[0072] Especially the heat-expandable microsphere of this invention is excellent in the working 
characteristic, and its balance of a foaming property (thermal-expansion nature) and a working 
characteristic is good. In spite of using the cross linking agent for the heat-expandable 
microsphere of this invention at a rate exceeding 1 % of the weight, thermal-expansion nature 
does not lose but the maximum expansion ratio is 5 or more times. Preferably, 10 or more times, 
the maximum expansion ratio is 20 or more times more preferably, and, in many cases, can attain 



[0067] 
[Equation 1] 




[0068] 
[Equation 2] 
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the about 30 to 60-time maximum expansion ratio. 

[0073] The heat-expandable microsphere of this invention has the small temperature 
dependence of the elastic modulus of the outer shell formed from the polymer. Moreover, the 
heat-expandable microsphere of this invention has the large proper temperature region of 
processing. Furthermore, the heat-expandable microsphere of this invention has the high 
maintenance capacity of resistance (chemical resistance, solvent resistance) and a foaming 
property to polar solvents, a plasticizer, etc. These properties that the heat-expandable 
microsphere of this invention has are concretely shown in the example. 

[0074] The small thing of the temperature dependence of foaming is mentioned as an example of 
the property of the heat-expandable microsphere of this invention, for example, the case where 
the outer shell polymer of the heat-expandable microsphere of this invention is a vinylidene- 
chloride (**) polymer like the above-mentioned — the maximum expansion ratio R1 Expansion 
ratio R2 in temperature to that temperature high, 10 degrees C when receiving a ratio (R2 / R1) 

— usually — 0.8 to 0.4 — desirable — 0.9 to 0.5 — it is 1-0.5 more preferably. 

[0075] the case where the outer shell polymer of the heat-expandable microsphere of this 
invention is an acrylonitrile copolymer [(meta) less than [ of acrylonitrile / more than 
copolymerization rate =30 % of the weight 80 % of the weight ]] like the above-mentioned (meta) 

— the maximum expansion ratio R1 Expansion ratio R2 in temperature to that temperature high, 
5 degrees C when receiving a ratio (R2 / R1) — usually — one to 0.8 — desirable — one to 
0.85 — it is 1-0.9 more preferably. 

[0076] Maintaining fizz to altitude, when acrylonitrile (meta) (**) polymer [(meta) acrylonitrile is 
=80 - 100 % of the weight] comparatively and the outer shell polymer of the heat-expandable 
microsphere of this invention uses the 2 organic-functions cross-linking monomer which has the 
aforementioned flexibility chain especially as a cross-linking monomer 1% of the weight at a rate 
of 5 or less % of the weight of excess, the temperature dependence of the elastic modulus of an 
outer shell polymer is small, and the heat-expandable microsphere excellent in workability or 
chemical resistance can be obtained. 

[0077] The heat-expandable microsphere of this invention is excellent in the resistance in an 
elevated temperature and a raise in a shear in the elastic modulus of the outer shell polymer in 
190 degrees C or more being a two or more 106 N/m and two or less 109 N/m thing. The 
elastics modulus of an outer shell polymer are two or more 107 N/m and two or less 108 N/m 
especially preferably more preferably two or more 5.0x106 N/m and two or less 109 N/m. 
[0078] 3. Heating foaming (heat expansion) is carried out, or the heat-expandable microsphere of 
application this invention is used for various fields with un-foaming. A heat-expandable 
microsphere is used for the foaming agent of the bulking agent of coatings, such as an 
automobile, wallpaper, and foaming ink (relief encaustic attachment of T-shirt etc.), a contraction 
inhibitor, etc., for example using the expansibility. A heat-expandable microsphere is used using 
the increment in the volume by foaming for the purpose of lightweight-izing of plastics, a coating, 
various materials, etc., porosity-izing, and various functional grants (for example, slip 
characteristics, adiathermic, cushioning properties, insulation, etc.). The heat-expandable 
microsphere of this invention can be used suitable for the coating with which front-face nature 
and smooth nature are demanded, wallpaper, and the ink field. Since it excels in the working 
characteristic, the heat-expandable microsphere of this invention is applicable suitable for the 
application field which needs processing processes, such as kneading processing, calendering, 
extrusion, and injection molding. 
[0079] 

[Example] Hereafter, an example and the example of a comparison are given and this invention is 
explained more concretely. The measuring method of physical properties and a property is as 
follows. 

(1) Put in into gear type oven, heat expansion ratio and maximum expansion ratio heat- 
expandable microsphere 0.7g for 2 minutes, and make it foam at predetermined temperature 
(foaming temperature). The obtained foam is put into a measuring cylinder, the volume is 
measured, and it breaks by the volume at the time of un-foaming, and considers as expansion 
ratio. Under the present circumstances, by 5-degree-C [ 100 degrees C to ] unit, the 
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temperature up of the expansion ratio is carried out, it is measured, and the expansion ratio 
concerned in foaming temperature when the greatest expansion ratio is obtained is defined as 
the maximum expansion ratio. 

[0080] (2) Using particle-size-distribution measuring instrument SALD-3000J by mean-particle- 
diameter Shimadzu, the diameter of a median in weight criteria was measured, and it considered 
as mean particle diameter. 

(3) The elastic-modulus heat-expandable microsphere was made to foam, and after extracting 
the foaming agent by which endocyst was carried out as much as possible, the heat press sheet 
was prepared with the heat press machine, and it started to the 1cmx1.5cmx0.25cm test piece. 
This test piece was heated under nitrogen-gas-atmosphere mind using the LEO graph solid of an 
Oriental energy machine factory with the frequency of 10 Hertz, and 3-degree-C programming 
rate for /, and the elastic modulus was measured. 

[0081] (4) To the EVA system emulsion (55 % of the weight of concentration) containing the 
expansion ratio ethylene-vinylacetate copolymer (EVA; ethylene / vinyl acetate = 30/70 % of the 
weight) in a binder system, to the EVA5 weight section, add the heat-expandable microsphere 1 
weight section, and prepare coating liquid. It applies and dries to double-sided art paper by the 
coating machine which has the gap of 200 micrometers, and subsequently to the oven of 
predetermined temperature, this coating liquid is put in and heated for 2 minutes. It considers as 
expansion ratio for the thickness ratio before and behind foaming to be also. 
(5) Add the phthalic-acid JIISO noryl 2 weight section and the heat-expandable microsphere 1 
weight section to a chemical-resistant glass test tube as a plasticizer, and prepare plasticizer 
liquid. This plasticizer liquid is heated at 140 degrees C using an oil bath, and the existence of 
foaming and extent of thickening of plasticizer liquid by the passage of time are observed. 
[0082] (6) the expansion ratio polyvinyl chloride resin (Kureha Chemical Industry make S903) 50 
weight section in a plasticization PVC sheet, and the dioctyl phthalate (DOP) 50 weight section - 
- receiving — the heat-expandable microsphere 3 weight section — in addition, prepare a 
compound. Roll kneading of the compound is carried out for 2 minutes at 120 degrees C, and the 
sheet of 1mm thickness is created. This sheet is cut out in the magnitude of 3x4cm angle, and it 
considers as a sample, and it reaches for 5 minutes and this sample is made to foam for 10 
minutes in 200-degree C oven, respectively. Expansion ratio (%) is computed by measuring the 
specific gravity before and behind foaming. 
(7)TMA(Thermo Mechnical Analysis) 

TMA measurement was performed using TMA-7 mold by PerkinElmer, Inc. Sample about 0.25mg 
was used. The programming rate was considered as a part for part [ for 5 degrees-C/], and 20- 
degree-C/. 

[0083] A total of the 470g drainage system dispersion-medium object which consists of colloidal 
silica 80.5g and 3.0g of 50% water solutions of diethanolamine-adipic-acid condensates of 20% of 
the [example 1 of comparison] solid content, 164.1g of sodium chlorides, 2.2g of 2.5% water 
solutions of potassium dichromate, 0.1 g of hydrochloric acids, and deionized water was prepared. 

[0084] On the other hand, 0.67g of trimethylolpropane trimethacrylate of acrylonitrile 141.7g, 
methacrylonitrile 67.1 g, 11. 2g of methyl methacrylates, and a 3 organic-functions cross-linking 
monomer, 26.1 g of n pentane, 14.9g of petroleum ether, and the polymerization nature mixture 
that consists of azobisisobutyronitril 1.1g were prepared (weight %= acrylonitrile / 
methacrylonitrile / methyl-methacrylate =64.4/30.5/5.1 of a monomer component; 0.3% of the 
weight of the amount = monomer component of the cross-linking monomer used). 
[0085] Stirring mixing was carried out by the batch process high-speed rotation quantity 
shearing-die disperser which shows this polymerization nature mixture and a drainage system 
dispersion-medium object to drawing 4 , and the minute drop of polymerization nature mixture 
was corned. The drainage system dispersion-medium object containing the minute drop of this 
polymerization nature mixture was taught to the polymerization can with an agitator (1.5L), and 
was made to react at 60 degrees C for 20 hours using a warm water bus. The acquired resultant 
was repeatedly given to the filtration and rinsing using a centrifugal separator, it considered as 
the cake-like object, this was dried one whole day and night, and mean particle diameter 
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obtained about 25 micrometers and the heat-expandable microsphere (MS-A) whose coefficient 
of variation of particle size distribution is 1.7%. It was about 50 times the 170-degree C 
expansion ratio (the maximum expansion ratio) of MS-A of this. A result is shown in Table 1. 
This example 1 of a comparison applies to the example 2 of JP,5-15499,B correspondingly. 
[0086] It replaced with 0.67g of trimethylolpropane trimethacrylate of a [example 1] 3 organic- 
functions cross-linking monomer, and mean particle diameter obtained about 26 micrometers and 
the heat-expandable microsphere (MS-1) whose coefficient of variation of particle size 
distribution is 1.7% like the example 1 of a comparison except having used diethylene-glycol 
dimethacrylate 3.5g (the amount of the cross-linking monomer used = 1.6% of the weight of a 
monomer component) of a 2 organic-functions cross-linking monomer. It was about 50 times the 
170-degree C expansion ratio (the maximum expansion ratio) of MS-1 of this. A result is shown 
in Table 1. 

[0087] The heat-expandable microsphere (MS-B) whose mean particle diameter is about 26 
micrometers was obtained like the example 1 of a comparison except having set the amount of 
0.67g of the trimethylolpropane trimethacrylate used of a [example 2 of comparison] 3 organic- 
functions cross-linking monomer to 3.5g. Since the resinous principle which forms the outer shell 
layer lost the property as thermoplastics sharply, it almost foamed to MS-B in no temperature 
region 140 degrees C or more. A result is shown in Table 1. 



[0088] 
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[0089] (Footnote) 

(*1) The thickness ratio before and behind foaming of a heat-expandable microsphere content 
EVA system emulsion spreading layer. 

(*2) Plasticizer liquid = the phthalic-acid-diisononyl-ester 2 section / heat-expandable 
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microsphere 1 section [0090] (Consideration) MS-1 of an example 1 has the maximum expansion 
ratio (foaming temperature of 170 degrees C) as good as 50 times, although the amount of the 
cross-linking monomer used is over 1% of the weight of a monomer component. On the other 
hand, the polymer which forms an outer shell layer constructed the bridge over altitude, and MS- 
B (example 2 of a comparison) which used the 3 organic-functions cross-linking monomer at 
1.6% of the weight of a rate of a monomer component has lost heat-expandable substantially. 
[0091] In the foaming behavior in the inside of an EVA system emulsion, although MS-1 of an 
example 1 made [ many ] the amount of the cross-linking monomer used by weight compared 
with MS-A of the example 1 of a comparison with 5.2 times (they are 5.2 times at the number of 
mols), it is 5.5 times the expansion ratio in 170 degrees C from which the maximum expansion 
ratio was obtained of this, and it holds the same high expansion ratio as MS-A. And it is 4.3 
times the 190-degree C further hot expansion ratio of MS-1 of this, there is little decline in 
expansion ratio compared with 3.7 times of MS-A, and it turns out that it excels in thermal 
resistance. 

[0092] If the elastic modulus of a 140-degree C outer shell polymer is compared, MS-1 of an 
example 1 has one 1.4 times the elastic modulus of this compared with MS-A of the example 1 
of a comparison which is the heat-expandable microsphere of the typical conventional technique. 
That is, it turns out that the heat-expandable microsphere of this invention has the resistance 
over higher shearing force, and it excels in thermal resistance. When further hot 190 degrees C 
compare, MS-1 of an example 1 is 1.6 times the elastic modulus of an outer shell polymer of this 
compared with MS-A of the example 1 of a comparison. This means that the heat-expandable 
microsphere of this invention can take a large processing appropriate temperature region 
compared with the former in that contraction of a particle cannot take place easily and high 
expansion ratio can be held, and a list. 

[0093] By chemical-resistant evaluation, at 140 degrees C, foaming took place in part after 6- 
minute heating, and the plasticizer liquid containing MS-A of the example 1 of a comparison was 
thickened remarkably. On the other hand, partial foaming was not accepted after 6-minute 
heating at 140 degrees C, and even if 7 minutes passed in the pan, partial foaming of the case of 
MS-1 of an example 1 was not carried out. 

[0094] A total of the 520g drainage system dispersion-medium object which consists of [example 
3 of comparison] colloidal silica 12g, 1.4g of diethanolamine-adipic-acid condensates, 154g of 
sodium chlorides, 0.1 2g of sodium nitrites, 0.2g of hydrochloric acids, and deionized water was 
prepared. 

[0095] On the other hand, 1g of trimethylolpropane trimethacrylate of acrylonitrile 130g, 
methacrylonitrile 60g, ISOBO nil methacrylate 10g, and a 3 organic-functions cross-linking 
monomer, 38g of n pentane, and the polymerization nature mixture that consists of 
azobisisobutyronitril 1.2g were prepared (weight %= acrylonitrile / methacrylonitrile / ISOBO nil 
methacrylate =65/30/5 of a monomer component, and 0.5% of the weight of an amount of cross- 
linking monomer used = monomer component). Stirring mixing was carried out by the batch 
process high-speed rotation quantity shearing-die disperser which shows this polymerization 
nature mixture and a drainage system dispersion-medium object to drawing 4 , and the minute 
drop of polymerization nature mixture was corned. 

[0096] The drainage system dispersion-medium object containing the minute drop of this 
polymerization nature mixture was taught to the polymerization can with an agitator (1.5L), and 
was made to react at 60 degrees C for 22 hours using a warm water bus. The acquired resultant 
was repeatedly given to the filtration and rinsing using a centrifugal separator, it considered as 
the cake-like object, this cake-like object was dried one whole day and night, and mean particle 
diameter obtained about 28 micrometers and the heat-expandable microsphere (MS-C) whose 
coefficient of variation of particle size distribution is 1.8%. It was about 55 times the 170-degree 
C expansion ratio (the maximum expansion ratio) of MS-C of this. This example 3 of a 
comparison applies to the example 2 of JP,5-285376,A correspondingly. A result is shown in 
Table 2. 

[0097] It replaced with 1g of trimethylolpropane trimethacrylate of a [example 2] 3 organic- 
functions cross-linking monomer, and mean particle diameter obtained about 30 micrometers and 
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the heat-expandable microsphere (MS-2) whose coefficient of variation of particle size 
distribution is 1.6% like the example 3 of a comparison except having used diethylene-glycol 
dimethacrylate 3.5g (the amount of the cross-linking monomer used = 1.6% of the weight of a 
monomer component) of a 2 organic-functions cross-linking monomer. It was about 55 times the 
170-degree C expansion ratio (the maximum expansion ratio) of these MS-2 of this. A result is 
shown in Table 2. 
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[0099] (Consideration) When the elastic modulus of an outer shell polymer was compared, MS-2 
of an example 2 were the same as MS-C of the example 3 of a comparison which is the heat- 
expandable microsphere of the typical conventional technique, when measurement temperature 
was 194 degrees C. However, when the hot measurement temperature of 210 degrees C 
compares, the elastic modulus of the outer shell polymer of MS-2 is 2.6 times MS-A. Moreover, 
MS-2 of an example 2 have the very small decline in the elastic modulus of the outer shell 
polymer in a 194 to 210 degrees C temperature region. This means that the heat-expandable 
microsphere of this invention can take a large working temperature region compared with the 
former in that contraction of a particle cannot take place easily in a high temperature region, and 
high expansion ratio can be held, and a list. If another view is carried out, it also means that 
there is resistance over higher shearing force and there is thermal resistance. 
[0100] They are colloidal silica 16.5g and a diethanolamine-adipic-acid condensation product to a 
polymerization can with a [example 3] agitator (1 .5L). 1 .6g, 1 69. 8g of salt, 0.1 1 g of sodium 
nitrites, and water were prepared so that it might be set to 557g in total, and the drainage 
system dispersion-medium object was prepared. The hydrochloric acid was added and adjusted 
so that pH of a drainage system dispersing element might be set to 3.2. 
[0101] On the other hand, the polymerization nature mixture which consists of acrylonitrile 
147.4g, methacrylonitrile 70.4g, 2.2g [ of methyl methacrylates ], and diethylene-glycol 
dimethacrylate 3.5g, isopentane 41. 8g, and azobisisobutyronitril 1.32g was prepared (weight %= 
acrylonitrile / methacrylonitrile / methyl-methacrylate =67/32/1 of a monomer component, and 
1.6% of the weight of an amount of cross-linking monomer used = monomer component). Stirring 
mixing was carried out by the batch process high-speed rotation quantity shearing-die disperser 
which shows this polymerization nature mixture and the drainage system dispersion-medium 
object prepared with the above to drawing 4 , and the minute drop of polymerization nature 
mixture was corned. 

[0102] The drainage system dispersion-medium object containing the minute drop of this 
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polymerization nature mixture was taught to the polymerization can with an agitator (1.5L), and 
was made to react at 60 degrees C for 45 hours using a warm water bus. Filtration and rinsing 
were repeated for the acquired resultant and mean particle diameter obtained about 30 
micrometers and the heat-expandable microsphere (MS-3) whose coefficient of variation of 
particle size distribution is 1.8%. It was about 50 times the 170-degree C expansion ratio (the 
maximum expansion ratio) of MS-3 of this. A result is shown in Table 3. 
[0103] Mean particle diameter obtained about 30 micrometers and the heat-expandable 
microsphere (MS-4) whose coefficient of variation of particle size distribution is 2.1% like the 
example 3 except having changed the charge of a monomer so that the preparation weight ratio 
of a [example 4] monomer component might be set to acrylonitrile / methacrylonitrile =70/30. It 
was about 50 times the 170-degree C expansion ratio (the maximum expansion ratio) of these 
MS-4 of this. A result is shown in Table 3. 

[0104] It replaced with diethylene-glycol dimethacrylate 3.5g of a [example 4 of comparison] 2 
organic-functions cross-linking monomer, and mean particle diameter obtained about 30 
micrometers and the heat-expandable microsphere (MS-D) whose coefficient of variation of 
particle size distribution is 1.6% like the example 3 except having used 0.6g (the amount of the 
cross-linking monomer used = 0.3% of the weight of a monomer component) of 
trimethylolpropane trimethacrylate of a 3 organic-functions cross-linking monomer. It was about 
50 times the 170-degree C expansion ratio (the maximum expansion ratio) of this MS-D of this. 
A result is shown in Table 3. 

[0105] It replaced with diethylene-glycol dimethacrylate 3.5g of a [example 5 of comparison] 2 
organic-functions cross-linking monomer, and mean particle diameter obtained about 30 
micrometers and the heat-expandable microsphere (MS-E) whose coefficient of variation of 
particle size distribution is 1.9% like the example 4 except having used 0.6g (the amount of the 
cross-linking monomer used = 0.3% of the weight of a monomer component) of 
trimethylolpropane trimethacrylate of a 3 organic-functions cross-linking monomer. It was about 
50 times the 170-degree C expansion ratio (the maximum expansion ratio) of this MS-E of this. 
A result is shown in Table 3. 
[0106] 
[Table 3] 
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[0107] (Footnote) 

(*1) The sheet of 3x4cm (*2) angle of sheets of 1mm thickness which kneaded 100g of mixture 
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which consists of the PVC50 section / DOP50 section / heat-expandable microsphere 3 section 
for 2 minutes, and prepared it with the 120-degree C roll kneader was made to foam in 200- 
degree C oven, and expansion ratio (%) was computed from the measured value of the specific 
gravity before and behind foaming. 

[0108] (Consideration) Each plasticization PVC sheet containing the heat-expandable 
microsphere (MS-3 and MS-4) of examples 3 and 4 shows advanced expansion ratio after 200 
degrees C / 5 minutes, respectively, and is maintaining high expansion ratio also after 200 
degrees C / 10 minutes. On the other hand, each plasticization PVC sheet containing the heat- 
expandable microsphere (MS-D and MS-E) of the examples 4 and 5 of a comparison had 
remarkable foaming at 120 degrees C, the expansion ratio of 200 degrees C / 5 minutes after 
was small, further, the expansion ratio of 200 degrees C / 10 minutes after fell remarkably, and 
the so-called permanent-set-in-fatigue phenomenon was observed. 

[0109] It measured so that [example 6 of comparison] colloidal silica 5g, 0.5g of diethanolamine- 
adipic-acid condensation products, 0.1 2g of sodium nitrites, and water might be set to 600g in 
total, and the drainage system dispersion-medium object was prepared. The hydrochloric acid 
was added and adjusted so that pH of a drainage system dispersion-medium object might be set 
to 3.2. 

[01 10] On the other hand, the polymerization nature mixture which consists of 0.4g [ of 
trimethylolpropane trimethacrylate of acrylonitrile 120g, 120g of methyl methacrylates, and a 3 
organic-functions cross-linking monomer ], isopentanesg [ 70 ] and 2, and 2'-azobis (2,4- 
dimethylvaleronitrile) 1.2g was prepared (the weight %= acrylonitrile / methyl methacrylate of a 
monomer component = 50/50 and 0.2% of the weight of an amount of cross-linking monomer 
used = monomer component). Stirring mixing was carried out by the batch process high-speed 
rotation quantity shearing-die disperser which shows this polymerization nature mixture and a 
drainage system dispersion-medium object to d rawing 4 , and the minute drop of polymerization 
nature mixture was prepared. 

[0111] The drainage system dispersion-medium object containing the minute drop of this 
polymerization nature mixture was taught to the polymerization can with an agitator (1.5L), and 
was made to react at 53 degrees C for 22 hours using a warm water bus. After filtering and 
rinsing the resultant of acquired pH6.3 and repeating this, it dried and mean particle diameter 
obtained 14 micrometers and the heat-expandable microsphere (MS-F) whose coefficient of 
variation of particle size distribution is 1.6%. It was about 18 times the 145-degree C expansion 
ratio (the maximum expansion ratio) of MS-F of this, and was about 12 times the expansion ratio 
in 150 degrees C of this. A result is shown in Table 4. 

[0112] Instead of 0.4g of trimethylolpropane trimethacrylate of a [example 5] 3 organic-functions 
cross-linking monomer, mean particle diameter obtained about 15 micrometers and the heat- 
expandable microsphere (MS-5) whose coefficient of variation of particle size distribution is 1.7% 
like the example 6 of a comparison except having used diethylene-glycol dimethacrylate 3.2g 
(the amount of the cross-linking monomer used = 1.6% of the weight of a monomer component) 
of a 2 organic-functions cross-linking monomer. It was about 40 times the 145-degree C 
expansion ratio (the maximum expansion ratio) of these MS-5 of this, and even if it raised 
foaming temperature to 150 degrees C, it was maintaining one about 40 times the maximum 
expansion ratio of this. A result is shown in Table 4. 
[0113] 
[Table 4] 
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[0114] It measured so that [example 7 of comparison] colloidal silica 8.8g, 0.8g of 
diethanolamine-adipic-acid condensation products, 0.1 3g of sodium nitrites, and water might be 
set to 528g in total, and the drainage system dispersion-medium object was prepared. 
[0115] On the other hand, the polymerization nature mixture which consists of 143g [ of 
vinylidene chlorides ] and acrylonitrile 66g, 1 1g [ of methyl methacrylates ], 0.33g [ of 
trimethylolpropane trimethacrylate ], and isopropyl peroxi dicarbonate 2.2g and isobutane 35. 2g 
was prepared (weight %= vinylidene-chloride / acrylonitrile / methyl-methacrylate =65/30/5 of a 
monomer component, and 0.15% of the weight of an amount of cross-linking monomer used = 
monomer component). Subsequently, after carrying out stirring mixing by the batch process 
high-speed rotation quantity shearing-die disperser which shows this polymerization nature 
mixture and the drainage system dispersion-medium object prepared by the above to drawing 4 
and corning the minute drop of polymerization nature mixture, it taught the polymerization can 
and was made to react at 50 degrees C for 22 hours. Filtration and rinsing were repeated for the 
acquired resultant and mean particle diameter obtained about 15 micrometers and the heat- 
expandable microsphere (MS-G) whose coefficient of variation of particle size distribution is 
1.6%. Although it was about 50 times the expansion ratio (the maximum expansion ratio) in 120 
degrees C of this, expansion ratio is remarkable about 18 times, and this MS-G fell, when 
foaming temperature was raised to 130 degrees C. A result is shown in Table 5. 
[0116] Instead of 0.33g of trimethylolpropane trimethacrylate of a [example 6] 3 organic- 
functions cross-linking monomer, mean particle diameter obtained heat-expandable microsphere 
MS-6 whose coefficient of variation of about 15 micrometers and particle size distribution is 1.7% 
like the example 7 of a comparison except having used diethylene-glycol dimethacrylate 3.5g 
(the amount of the cross-linking monomer used = 1.6% of the weight of a monomer component) 
of a 2 organic-functions cross-linking monomer. It was about 50 times the 120-degree C 
expansion ratio (the maximum expansion ratio) of these MS-6 of this, and even if it raised 
foaming temperature to 130 degrees C, it showed one about 35 times the high expansion ratio of 
this. A result is shown in Table 5. 
[0117] 
[Table 5] 
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[0118] It replaces with 0.67g of trimethylolpropane trimethacrylate of a [example 7] 3 organic- 
functions cross-linking monomer. In case stirring mixing of this polymerization nature mixture 
and the drainage system dispersion-medium object is carried out using diethylene-glycol 
dimethacrylate 3.5g (the amount of the cross-linking monomer used = 1.6% of the weight of a 
monomer component) of a 2 organic-functions cross-linking monomer, as shown in drawing 2 
Hold a drainage system dispersion-medium object and polymerization nature mixture to a 
respectively different tub, and it is made to be the same as that of the example 1 of a 
comparison except performing a suspension polymerization, after passing a continuous system 
high-speed rotation quantity shearing-die stirring disperser for these continuously by a certain 
fixed ratio. Mean particle diameter obtained about 25 micrometers and the heat-expandable 
microsphere (MS-7) whose coefficient of variation of particle size distribution is 0.3%. It was 
about 50 times the 170-degree C expansion ratio (the maximum expansion ratio) of MS-7 of this. 
Even if it held the plasticizer liquid containing these MS-7 for 8 minutes at 140 degrees C, it did 
not carry out partial foaming. On the other hand, in the case of MS-1 of an example 1, when it 
passed over for 8 minutes, partial foaming began to be accepted a little. As for this, in addition to 
the class of cross-linking monomer, and the effectiveness of the amount used, the particle size 
distribution of MS-7 originates in a sharp thing compared with MS-1. 

[0119] In case stirring mixing of [example 8] polymerization nature mixture and the drainage 
system dispersion-medium object is carried out, as shown in drawin g 2 Hold a drainage system 
dispersion-medium object and polymerization nature mixture to a respectively different tub, and 
except performing a suspension polymerization, after passing a continuous system high-speed 
rotation quantity shearing-die disperser for these continuously by a certain fixed ratio Mean 
particle diameter obtained about 30 micrometers and a heat-expandable microsphere with the 
sharp particle size distribution whose coefficient of variation of particle size distribution is 0.3% 
(MS-8) like the example 3. It was about 50 times the 170-degree C expansion ratio (the 
maximum expansion ratio) of MS-8 of this. 

[0120] Compared with the plasticization PVC sheet with which the thickness of the sheet of 
1mm thickness which kneaded for 2 minutes and was prepared with the 120-degree C roll 
kneader does not contain MS-3, thickness increased the plasticization PVC sheet (refer to Table 
3) containing MS-3 of an example 3 by about 10%. On the other hand, the plasticization PVC 
sheet containing MS-8 did not almost have thickness change compared with the plasticization 
PVC sheet with which the thickness of the sheet of 1mm thickness which kneaded for 2 minutes 
and was prepared with the 120-degree C roll kneader does not contain MS-8. That is, it can be 
said that MS-8 are excellent in the partial foaming property at the time of roll kneading (it is 
hard to carry out partial foaming). 

[0121] In case stirring mixing of [example 9] polymerization nature mixture and the drainage 
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system dispersion-medium object is carried out, as shown in drawing 2 Hold a drainage system 
dispersion-medium object and polymerization nature mixture to a respectively different tub, and 
except performing a suspension polymerization, after passing a continuous system high-speed 
rotation quantity shearing-die disperser for these continuously by a certain fixed ratio Mean 
particle diameter obtained about 15 micrometers and a heat-expandable microsphere with the 
sharp particle size distribution whose coefficient of variation of particle size distribution is 0.5% 
(MS-9) like the example 5. It was about 40 times the 145-degree C expansion ratio (the 
maximum expansion ratio) of MS-9 of this, and even if it raised foaming temperature to 150 
degrees C, it was maintaining one about 40 times the maximum expansion ratio of this. 
[0122] These MS-9 and MS-5 (example 5) were applied to double-sided art paper according to 
the measuring method of the expansion ratio in a binder system, respectively. When such wet 
spreading papers are dried with 1-degree-C programming rate for /with a dryer, it has foamed to 
MS-5 at temperature lower than MS-9. This means what (it can dry at an elevated temperature 
in a short time) working speed can be raised for, if the sharp heat-expandable microsphere of 
particle size distribution like MS-9 is used. 

[0123] In case stirring mixing of [example 10] polymerization nature mixture and the drainage 
system dispersion-medium object is carried out, as shown in drawing 2 Hold a drainage system 
dispersion-medium object and polymerization nature mixture to a respectively different tub, and 
except performing a suspension polymerization, after passing a continuous system high-speed 
rotation quantity shearing-die disperser for these continuously by a certain fixed ratio Mean 
particle diameter obtained about 15 micrometers and a heat-expandable microsphere with the 
sharp particle size distribution whose coefficient of variation of particle size distribution is 0.2% 
(MS-10) like the example 6. It was about 50 times the 120-degree C expansion ratio (the 
maximum expansion ratio) of MS-10 of this, and even if it raised foaming temperature to 130 
degrees C, it was maintaining one about 35 times the maximum expansion ratio of this. When the 
foaming behavior was observed carrying out a temperature up the rate for 5-degree-C/under a 
microscope with a hot stage, MS-10 had the high temperature to which it foams compared with 
MS-6 of an example 6. Therefore, MS-10 are judged that foaming has taken place in Sharp. 
[0124] It replaced with [example 11] isopentane 41. 8g, and mean particle diameter obtained 
about 30 micrometers and the heat-expandable microsphere (MS-11) whose coefficient of 
variation of particle size distribution is 0.5% like the example 8 except having used an 
isopentane / 2,2,4-trimethylpentane (weight ratio = 20/10) 66g as a foaming agent. It was about 
40 times the 180-degree C expansion ratio of MS-1 1 of this. 

[0125] The plasticization PVC sheet containing MS-11 did not almost have thickness change 

compared with the plasticization PVC sheet with which the thickness of the sheet of 1mm 

thickness which kneaded for 2 minutes and was prepared with the 120-degree C roll kneader 

does not contain MS-11. That is, it can be said that MS-11 are excellent in the partial foaming 

property at the time of roll kneading (it is hard to carry out partial foaming). 

[0126] It replaced with [example 12] isopentane 41. 8g, and mean particle diameter obtained 

about 31 micrometers and the heat-expandable microsphere (MS-1 2) whose coefficient of 

variation of particle size distribution is 0.4% like the example 8 except having used an 

isopentane / 2,2,4-trimethylpentane (weight ratio = 15/15) 66g as a foaming agent. 

[0127] The plasticization PVC sheet containing MS-1 2 did not almost have thickness change 

compared with the plasticization PVC sheet with which the thickness of the sheet of 1mm 

thickness which kneaded for 2 minutes and was prepared with the 120-degree C roll kneader 

does not contain MS-1 2. That is, it can be said that MS-1 2 are excellent in the partial foaming 

property at the time of roll kneading (it is hard to carry out partial foaming). 

[0128] It replaced with [example 13] isopentane 41. 8g, and mean particle diameter obtained 

about 30 micrometers and the heat-expandable microsphere (MS-1 3) whose coefficient of 

variation of particle size distribution is 0.3% like the example 8 except having used an 

isopentane / 2,2,4-trimethylpentane (weight ratio = 10/20) 66g as a foaming agent. 

[0129] The plasticization PVC sheet containing MS-1 3 did not almost have thickness change 

compared with the plasticization PVC sheet with which the thickness of the sheet of 1mm 

thickness which kneaded for 2 minutes and was prepared with the 120-degree C roll kneader 
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does not contain MS-13. That is, it can be said that MS-13 are excellent in the partial foaming 
property at the time of roll kneading (it is hard to carry out partial foaming). 
[0130] It replaced with [example 14] isopentane 41. 8g, and mean particle diameter obtained 
about 30 micrometers and the heat-expandable microsphere (MS-14) whose coefficient of 
variation of particle size distribution is 0.5% like the example 8 except having used an 
isopentane / 2,2,4-trimethylpentane (weight ratio = 6/24) 66g as a foaming agent. 
[0131] It replaced with [example 15] isopentane 41. 8g, and mean particle diameter obtained 
about 29 micrometers and the heat-expandable microsphere (MS-15) whose coefficient of 
variation of particle size distribution is 0.2% like the example 3 except having used 2,2,4- 
trimethylpentane 66g as a foaming agent. 

[0132] It replaced with [example 16] isopentane 41. 8g, and mean particle diameter obtained 
about 32 micrometers and the heat-expandable microsphere (MS-16) whose coefficient of 
variation of particle size distribution is 0.3% like the example 3 except having used heptane 66g 
as a foaming agent. 

[0133] [Example 17] TMA measurement was performed about sample MS-3 prepared in the 
above-mentioned example, and MS-11 -MS-15. A result is shown in Table 6. 



[0134] 
[Table 6] 
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(*) Relative comparison of the amount of displacement by expansion [0135] MS-D prepared in 
the example 4 of a [example 18] comparison and MS-14-16 which were prepared in the 
examples 14-16 were boiled for 10 minutes at 100 degrees C, after 1g distributed in 99g of 
water, respectively. It observes whether the particle which foamed on the water surface has 
floated, and the result is shown in Table 7. 
[0136] 
[Table 7] 
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[0137] 

[Effect of the Invention] According to this invention, the heat-expandable microsphere suitable 
for processing of kneading processing to which strong shearing force is applied, calendering, 
extrusion, injection molding, etc., and its manufacture approach are offered. Moreover, according 
to this invention, the heat-expandable microsphere with small temperature dependence and its 
manufacture approach of an elastic modulus of the outer shell formed from the polymer are 
offered. The heat-expandable microsphere of this invention has the large appropriate 
temperature region of processing, and its maintenance capacity of chemical resistance, or a 
solvent resistance and a foaming property is high. Furthermore, according to this invention, in 
addition to having said many properties, the coefficient of variation of particle size distribution is 
very small, and a heat-expandable microsphere with sharp foaming is offered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is a graph which shows the relation between the elastic modulus of the 
outer shell polymer of a heat-expandable microsphere, and measurement temperature. 
[Drawin g 2] Drawin g 2 is the explanatory view showing an example of the manufacture approach 
of a heat-expandable microsphere which used the continuous system high-speed rotation 
quantity shearing-die disperser. 

[Drawing 3] Drawing 3 is the explanatory view showing other examples of the manufacture 
approach of a heat-expandable microsphere of having used the continuous system high-speed 
rotation quantity shearing-die disperser. 

[Drawing 4] Drawing 4 is the explanatory view showing an example of the manufacture approach 
of a heat-expandable microsphere which used the batch process high-speed rotation quantity 
shearing-die disperser. 
[Description of Notations] 

1: Drainage system dispersion-medium object 

2: Monomer mixture 

3: Tub 

4: Tub 

5: Pump 

6: Rhine 

7: Pump 

8: Rhine 

9: Continuous system high-speed rotation quantity shearing-die stirring disperser 
10: Rhine 

11: Polymerization tank 
12: Distributed tub 
13: Pump 
14: Rhine 
15: Rhine 

16: Batch process high-speed rotation quantity shearing-die disperser 
17: Pump 
18: Rhine 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 



8-- 




[ Dra w in g 3] 




[Drawing 4] 
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7a.X7x7-(cft.§g«£DtLt, 7JPX#14© 

[0005] m^.«\ mwmmmicw^m^^u 

So L^L, ^M£x^P77x7-H;. SSSl^fc: 

z>fr<i£&itito, mm®??** p x 7 x 7—hmmc 

[0 0 0 6] £tc, ^@[4x'7^P77x7-ti, 7i 



(4) 

5 

fee i*©Mltv^^DX7xr-it m 

[0 0 0 7] #P*1X 1 1 -6 0 8 6 8^fBfCtt, RTSI 
fttflBj^StrCVSo ^2 0 0 0- 1 7 1 0 3*§&*B 

tea, suit lt> is^icfc&iwbs^ i o o °c« 
T^PMMMif^ i oo~2oo°cr«i-s^sf io 
ggtt vx 7 d * 7xx *^tsffimffis$%B*. 1 0 0 °c 

[0 0 0 8] LfrU ^Rfc, |»^^X7i 

r-*\ ceo x *> %mm?ftj&& j pnm ■ mmimm 

[0 0 0 9] fi&fc Bmi4^S!/«^^^^PX7 
x7-£»f 373&£LT> EXX^¥Mf*fre>%3 

(#&H84 2-2 6 5 2 4*§£38, #&¥5- 1549 
9 imm 2 8 9 4 9 9 0 # M¥ 5-2 

8 5 3 7 o as«H£*S#*fflv^se:fcKJ; 

[ooio] l^u n^f^r sa^flccanRfitf 
xt<%&^ mm&^^tu7.73uT~<Dmmft 

fct &fBS!l*fi£tt¥Sft® l fiS%£CK iff* L < 12 
0. 2~0. 6Ms%©^XX£&MgXffl^StlX 

fee £S£c;ta^T\ fX*©^tM^f*frSJFM£ti/c7t 

VX 5 p X 7 x T-cD^lt^fflUXfe o /to 
[0 0 1 1] 

Bsw*^b«fc5fc^simi] *^©ge^x 



^2 00 2- 1 2 6 9 3 
6 

X, HcDiPX^Jl L fcIMv^^ P X 7 

[0 0 12] #^7 *%^©BWfi> fi^f*fr5>JFM£ 

[0 0 13] #f^0flfi©IWfc^ fl^SSfl^nffiffilft 

unmtKD^mmm^^ ^ a x 7 x r- 1 x©Sjt 
[0014] #f8ni#5fcju Miaiw^a^-rsrcfet 

§#Scffl^ L /c|gm, i^'&vX 7 p x 7 x 7-cD7i^ 

its tmfflk*m% ; o<i£&<, hujmmmmc%c& 

^tlfc^MttvX^PX7x7-©#6tlSCi:^m 

ftsbws t < * m&'&mmzft lx 2 fflcDS^tt^m- 
h\ *mna, ctit><D%amcm~3^x, ^-rstM 

o/cfc©X$>§ 0 
[0 0 15] 

[ISS^»r*T§/ci6©¥©] #3SBfc:«fcnJ& S^f* 
«S^14v^^PX7x7-fcfe^T, (1) M^f*fr5> 

^snrc^swv m&mmfot, wm&mmfo* 
mmt lx 1 ss%s;§ 5 sfi%«x©f 1 j^©^mi4¥ 

?X ^o, (2) |^M#5fgKitWa^ 

ittT^^rSttx'^^PX7x7-Am ± t?n^o 

[0 0 16] *5fC> *^{c«fen^ 7]<^i(®#:^ 

x, %<hm i^im 

mm^^tux7x7~*mmt%ijmci5^x, m 
<&fe]$mft*%&fc lx 1 mm%Mm 5 sm%j^x©m 

X, 5m±©»6'74^DX7x 
7-^#£C^#m^T£MS14v^PX7x7 

[0 0 17] 

[^©^ffi^mi] 1. mai^pxzxZn 

*»i«v^^a77x7-ii, *^^H5tlKft 
^X\ ^^<tfe%^[J, S^WMf*. RtfUHIItt* 

X, M^tt¥Mf*^Sm^ LX 1 mm%MM 5 MM%&L 



7 

auKS! \omm t mm 2*wt s c 1 1 £ t> > 3 
5 t < » i o m±®*88s 

TSo n*^fg*©iJS7^£«. fi^-r^c 
[ooi8] (i) mmm 

*mn?m'?&wmitt. mn, mmiemzms io 

L < » 1 3 0 "CUT, iDffSKIil20TC£(T, # 

icm u < t* i io o c^T©ffi^#»m*W3iT-s 

•So 

[0 0 19] %M[JcDJ|{*Mm£^fctcW£^ 
x7y (-8 9°C) , x^yy (-10 2. 4 tK 7° 
P^y (-4 2. It) , 7°P^y (-4 7. 7tK 
n-7$t> (-0. 5tK JVt&y (-1 2t) , 
7x7 (-6. 4 71), -rv/f-y (-6. 6t) , 20 

n-^y^y (3 6t) , -fy^y^y (27. 8 5 
t) , T-^y^y (9. 5tK 2, 2, 4-HJ7 
^/Wy7y (99. 2 5tK n-^-y-y (6 9 
t) , ty^+fy (6 0. 3t) , erfix— r;v (2 

7 — 6 7 1) , ^7°7y (9 8. 4t) ftHC^ffc* 
i; CCIjF (23. 81C) 4H^007WP* 
-#y ; r h^^^y^y (2 6. 6t) ftHOfh 

SCfc^tSo 30 
[0 0 2 0] j&niB?©iSS&£i5f?»r&#Tt 

&lclt, n-'vHfy, -fyvfrU-x ^77 

y, 2, 2, 4- HJ7^;Wy7y&H©$!^6 0 
t^±©Mfc7j<jS^^M£ffl^T^2#3 c 2:*W 
Stvy Ctl^cD^tfe, ^7 0 ^y^2, 2, 4-hU 
7 f;Ky^y^i 9 7 0 tJM±©Kft*H^ 

SSJSSIfcflJ^S c fcjWKJ? $ U\, cn5>©%M3'J© 
ffi&ommit, ifftL<(i60~130U £D£?i:L 
< » 6 0 ~ 1 2 0 °(7 ftfcjf £ b < 7 0 ~ 1 1 0 tt 40 

[0021] 6 ov&tm&z^t&m&m^m 
mit, ^n^timnrm lt& <t 6 0 1 

*j»©Hfb!KiR*5S^!Ii:ia*^-&Tffiffl , r* <fc 
L> 6 0tJ^±cD?i^^Wr«Mb7j<S^%^M«> if 

Sffi-^ «fc D i«St?©5Sa!ffttfc^ , r 5„ 60 t J7±© 



^2 00 2- 1 2 6 9 3 
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mmmw-c\ l< u 1 om%jw± 1 0 oa*%« 

Tt <fc t> L < it 1 5 Sfi%J7± 9 5 SS%J77t 
KjffSKH; 2 ofi*%£U:9 0fiM%«TTffe*o 
[0 0 2 2] ( 2 ) fi£ttJ*LSffcft tffi^fc 

LTHu 77U;V^77 L ;K 77U;H? 
x^;K 77lJ/Hl7^/k yy7n^yf-x;UT7 U 
U-Hor^'J/Hxxf;H 7 77U;L#77yk 
7 77U;b^x^;K 7 77U;^7^;K -fVtfVbx 
;1/7 77U y-h ^©7 77 'J;Hxxr ;1/ ; 77 Up 
xhy/k 777UuxhU;K iftfc'Jfy ±M{b 
trx/k xfi/y Si^tTx/k a-^f;i/Xfvy 
7np7yy, ^*7°yy, 7'7yxy%H©t:x;t<^ 

tl¥St\ 2ffiK±^ffi»-&^Tffifflf s c 

[0 0 2 3] »ttv^7PX7i7-il ft^£J& 
Jt1-^»S^#:^^nJ«T\ #X^U Ttefc^tf S fe© 

^ It Iftt'Jfy («) M^Rtf (7 7) 77 
yp- hi; /I/ (i±) i^jfju^ 

[0 0 2 4] t|ftH-iJf> («) a^f*^LT«, a 

t-Vrytctit #w&oim%: ex^^^Mf* t cos 
So Mtexuxyt«a-a-nrii^¥MfttLT«, m 

77UPXhU;K 7 77UPXhU;K 7 77 
U;Hxxr;K 77U;^xxr;K XT^yy, 
ex;^^H^W6tl§o 

[0 0 2 5] C©J;^^iMfbexUry (K) S-^ftfc 
LT«, S^tt¥Mf*^Lt, (A)ififfce-'J 7*^30 
~i0 0ltM%iy (B) 77UPXhU;K 7 77 Up 
xhU;K 7("J;Hxxf;K 7 77 'J;V|xxr 

^ft< fcfe-a©¥Mf*0~7 0li%^^^tl5 

ffl-g-^3 0MM%*ltfeSfc, 7in5©^7^U7tt^ 
fg"F Lf a ©t« L < & 
[0 0 2 6] £fc, lftfc'Jf> («) S^f*tLT 
tt, fi-BWMftfcLT, (Al)MbexUry4 0~8 
0MM% fc, (Bl)77 U px h U/PStf 7 77 U px h 

~6 0MM%^, (B2)77U;l/^x7r;b&tf7 77U 
;Hxx f/W^&Sii D S« % ti < t, -a© 
o~6o mm% fc^fflv^r#e»nrc«fi^*w 

[0027] mmm s P'MUv(omm^mtsm^ic 
a, (7 7) 77upxhu;v m m$mc&>mm 

*mmt&Z.ttMffS:L\i\ (^7) 77UPXhU;V 



(6) 



y ;> ^ ^a^rms t £ffl^rf# 

5>ft& («) a^ft*^lfaci:^tfts 0 7 
* U a - h U;I/i:«fi^nr^S:e-;l/^*flcfc LT 

|ixr/P> x7^x Sf|^Ml;»f5ti§. 
[0 0 2 8] ecDJ;-?^ r^Un-hU/l/ 
(«) M^f*^LT«, a^14«f*tLT, (C) 7^ 

U n- F- y * 2 5 y n- h y ;1/*5&SP± Dl 10 

sn§'>*< tt>— ao#Mf*3 o~io ofis%^> 

(D) Iftf Jfx r^y;l/^xxr;K 
3IfcfftS4>&< i:t>HI®¥£#0~7 0SM%i:£ffl 

^xm^ntc m imwsl^. c**) 7^y 



[0 0 2 9] TtVV~hV}l m 



fm&tfftv («) a^{*t, r^yn-hu 20 
x, (0 r^yp- hy;i/Stf^^^yn- f-ua^s 

&S$M:!)Sfc£ft34»&:< £*>HI<£>¥Mft8 o~i 0 
0SM%^ (D) Mte-'JfX r^'J;Hxxr 



01 



£ 0 7^UP-hU;l/OffifflfJ^/M 30 

^ («) SS#fcLTM\ M'PiftJiLt, (C) 7 
* y p - h y /iz&tf;* * * y p - h y D 
as n < *> HioaMf* 3 0 mm % jw± 8 0 a 

M%*?f^ (D) ififte-UrX T^'J;Hxxr 
frS&^S^jl^ft^^ tfe-IIco#M{*2 oa 

a % siji 7 0 sm %&s~r t%%^r®btirc wa-aw 

[0 0 3 0] Sf;, 7^'Jnx hU;l/ (#) fi 

^f*«, s^e¥«f*tbT, cci)r^yp-n;;i/R 40 

Tf* % Z U p x h u 5> ft S £ D Sfcf ft34>& < 
fcHI»attf*5 i~i ooM%fc, (DDffifte-y 
fyo~4 oam%iy (D2)7^0/l/Kxx7;7&0M 

# * y /HxxfMSisiJ; d jipfn^s < £ t, 

[0031] naci^fttiT, MtV-V^y*^ 

(«) *&tttfM£ft 
fcLT, (E) 7^yP-hU;l/S.tf^^^yP-hy;l/ 
5 * S P <fc D < t> 3 0 - 50 



(3) ^14^fif* 



Ufa r 
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iooii%t, (F) r^y^txxf;l/RW?i"J 
;Hxx f/l/ib^&Sii D Sfcf ft S6l>& < t> -So 
*MftO~7 0fi*%fc*ffl^T#6ftfc 7^ 
UPXihU;!/ («) fi3-ffc&W£lA\ */c, fi^tt* 
mittLX, (El)7^UP-hU;H~9 9n.M%£, 
(E2)^^^y PXhy;H~9 9li%fc, (F) 7^'J 
;VixxrMO^^^'J;l'ixxf;^P)S§SJ: D 
SMfft S < i: fe — S©¥Mft 0~7 0li%t^ 

[0032] *pxtt, jgatt, ^x^yr'fe 

H^ff^ftftfcf^frl*-^ ^ P X 7 x 7- 

M^tt^Mfr^LT, (El)7^yP-hy;l/2 
0-8 0ll%i:, (E2)^^^UP-hU;l/2 0-8 0 

(F) 7 ^ 'J ;Hxxf;V&tf ^ ^ ^ 'J ;Vix 
Xf;Vfr54SSJ; DS«ftS^&< t t-fico^M{* 
0-2 oaM%t^ffl^Tf#e»ft/c±fc 

[0 0 3 3] 

7 7FSSWf6ti§„ 2 0«±fiDfi^ftK 

[0034] mfomc, mm'&w-mtktLxiz, mz. 

«\ /W^y-Cfx >?l£-/W-:7#U>\ Cft SCO 

v>~ (^^) 7^'Jb-h, yx^yy^up-^y 

xf;v; l, 4-^^y^-;K 1, 
-;mcDfllBS«i^*^7;Pxi-;l/S^(D (^^) 7^'J 

5»ft^o */c, »l4#«f*tLT, h'J (^^?) 7^ 

U;UShU^^p-;l/7°p^y, ^y^xux'J 
hy c**) r^ywK M;r^y;v*;i/v-;i/a 

[0 0 3 5] ^#S¥«f*c0^7-fe, »S^APX#14 

% t, ftm*&ft?%m&fttfmm&®m£LX(Dft 

-So 

[0036] r.m&mmftimmfo£Lxi*, *°v^u 



11 

;t-/k rx^xx-f )V*J*— x, sr/r^/vxx 

[0 0 3 7] ^S«l{*fcLT, C<7U9%Sffiffii 

fcfr^f, fro, ?giini, ^yy^-itax, flffito 10 
[0038] ®ftttii««* > rs-ff^B«tt*fifty& 

Sfttt fttftt£tt#f 3 c £: fr t- § 3 $ £ $ tl 3 o ti 
&*1m%.%rciblC, DX*&MS*fr<i^%£=fc 

* o fcfi^ft;«©3B#©*tf M££^JS*K<: «fc o T9 [ * 
X2 < TTfrfi^f*/S©Jia^ v frffi^c3lt#y:£ 

m^^mmm^mm^h^rc d , ^ aw*© 
$ffl*fr arc d f & ^ , t x 5 Mtefr x * < % d 

TfX, ^fg^frX^cffiXTSfr, 0-£^«£fc 30 
[0 0 3 9] MfB©/3ffi14B§I^LT2ficDSMfeK 

*- ^US - SPS^tf SIS £ n/fc«Bfiorfr^BIRtt*fi 
ftfcLTfX fflfcfcf, #'Jif^''J3^ (7 

*) r^ywK rxxxyx-xy (7*) r^y 
y-K 7;^;Vx-f;V7t-;l/7 (7#) r^yy 
-K rxxxxxr-xy^-xy (7#) r^yw 

[0 0 4 0] <fc D *f*WfcrWI^#ffi#«f* £ LT 40 

«\ ^xf^y^ya-;!/^ (7^) WJWK h 
yx^uy^ya^i; (7*) r^JWK rh7 

ifpy^yn-;^ (7^0 [xfby 
W4"F#li (-CH 2 CH 2 0-) frM^2~l 5 
ffl] i^ne^yn-^ (7^0 

K r h ^7°p ^ yyX'Jxr-xy (7£) T^'Jy- 
h%H©*°yXuk 0 yy^y 3-xy (7*) r^'Jl/ 
-h [7Wyy;tXXy [— C H (CHj ) C 50 
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H 2 0-] %rclt [-CH 2 CH (CH 3 ) 0-] fril 
^2-2 0« ;xf^ij3-;Vi; (7 30 T^'J 

u-K Xot£yy^y3-xy (7^) r^yw 

K 1, 3-7°uXyXX-Xy (7 7) 7^yW 

K i, 4-x^yy^-xy (7#) r^yy-K 

1, 3-XXyyyX-xy (7#) T?VU-h, 
1, 6-A^y-7^-7 (7£) r^yy-K 

i, 9-/xyy**-X:y (7 7) r^yy-K *x 

^yf/^'ijD^^ (7£) 7^yy-K 3-7X 
x-i, 5-xy^yyx-xy (7 7) r^yw 

K 2-7XX-1, 8-*?$>i?*->l<i? (7#) 

7^ywh, 2, 4-yxf^-i, 5-xy^yy 
^--xy (7£) r^yy-K 2-tFn^y-i, 
3-Xnxyyx-xy (7*) r^yy-h&H©7 
xxxy;t-xy (7#) r^yy-h «ffii§ifr 
B§«j^«fr6&y, m^m<D^mw^m v MM2-2 
ofi) ;3-**-9--i, 6-^\XXyy;t-xy (7 
7) 77U y-ho^^^yx^xx-f-xy^-xy 
(7^) 7^yy-h [®fti4aiifrfl§ffi«^tx- 

T-iV^tfrhMtfUnxv^o x— rXIS-o-fr l 

«^ c-Ri -0-R2 -) iu^ «-jiHSK^« 
Iwiut^sv^ (r. ^r 2 ) o ] ; EFuxytf^uy 

|*^7f;^'j3-;l/7 (7^) r^Uy-hcDj; 

•5^rxxxxxf-xy^--xy (7^) r^uy-h 

C®ft'l4B^frBIIS*^^ xx rXfg-& ^ fr 5>Sit * 
ftTl^o (-R. -COO-R2 -) ] ;%HfrW 

[0 0 4 1] ^#S#fif*cD{$fflfJ-&cDTPI«, S^tt 
¥Mf*WPfcLT (fi#£¥*tt= 1 0 0SM%) , 

iafi%e^T-sD> ^$l<«i. ima%, 

4 L < 1 . 2 11%, ^fc§f S L < it 1 . 3 SM%-t? 

^#[4¥fif*©fJfflfiJ^^XPSii, 5Mfi%, » 
^L<ti4SM%, <fc«5^$L<«3SM%-efeSo # 
fx Mia^Mfttt«^^ L T 2 fflcDS-^ttKix j^iS 

l. 4~4SM%, 1. 5~3llM%£>tEB 

[0042] mm&mnfce>tiffl%fetf 1 a»%«Ti? 

[0043] (4) msmmi 

xxx, ii^tyryx, ^-xxyxxf-x, ^-x 
xyy#-**-K stfr^b-s-^wenso a 
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w mmfma, 7mft%mmwx\ mn. o. o 

[0044] (5) imamm 
mtm&it, mft, tow&miizttt&A&fflmfc 

t« 0 z<DM£ffilh&%ftU \Wt\ y'x* 7-/1/7 5 

yfcflgros^/u^yiM^m #y tdx/i^p 
■J FX ^'jxfl/^WF, #SAfl^M*^ffl 

-rsc ^ms^siitt, s^e#«f*i oo 

[0045] ftm < £femz^*fz>7mftmmmz, m 

£: 1 T 3 p £'/Vy U H©-y U * fc^fflf 
^6«T, £?£L<«pH3~4gfi(<:ilirf£o 7j<i? 

vfmmTxm&is&% a 

[0 0 4 6] ^g£M©£?£ L^ffi*^b-1±©-- 
LT\ 3 p ^ #Vl/~y U # fc|fi££j£ftl £ 

/^r^y^ry'tfyi^©^^, s>x^/-/b 

xr-W#btlW<^§» te*g£LT&, Wft, St 

[0 0 4 7] XVj?A/5/V%<D&MMlt* ^©K?^ 40 

icMLX, 1-20W L< &2~ 1 
©fJ^T-fe^o ffra^fiSctffct S^tt#Sf*i ooSM 

mcMhx, mfto. o 5~2mmm<DW\t>ximzn 
% 0 mmmz, oommmicMLx, o 

~ l o OfiMiSOSimMgfflSftSo 
[0 0 4 8] 4>ftS^S!lOft&©»* U^B*-£fc#£ L 

u * t # y trx/p tr d y h y t mm^^mmim so 
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[0049] ^f^sitt/r, 7ms&m&mmfc& 
m &mz, m^p^i/vi,) tymitr^v^m 

wmz\ imtti-hvvj*) t(D7Mmx(DEimic£ 
Y^ftzmm'Mtmyimtm &mz. imocw 

y /vy A t l x a, y y mi- h y >> a ±if fc* ;v 
yvi±t(D7m^x(Dixm^mmzmm%ctfrx% 

[0 0 5 0] ¥L{tSfltt> Hft£ffifflU*v^ 3faic<fc 

A^iM* 0| Jt*^xfpyr;W cry;io x- 

[0 0 5 1] fi^-l&^JfcLT, ;]<^ v ^«ft4'^, « 
L4A^5SLT|«?^^ P X 7 x T-%W&? 

[0052] ^«r;i/*y^a^©tfi"e^, «^ 

h 'J ^^RtfMfig** 'J 7A^A^©§Mtt^tS^©jS 

xtt%L\<\ Txxji^ymMtLxiz, rxn;pey 

H j^^tf 5) ft S ft\ c ti 5. © tf»T* t> 7k nT^'ft© t> © 
jb^Btcfflv^nSo ddT\ 7m®'\irx^jl}£ym. 

Mtit, 2 3 °C©7j<(C^^^14^ lg/lOOcm 

*y^s^w*bv\ <me»©tf»Tft>, L-rxn;i/ 
eyn (e^^yc) , rx3;veygH-hy>2^ & 

it, MWifriooIIgptMLt, o. o 

o i~iaM^ ^L<ao. oi~o. ia»gp© 
[o o 5 3] (6) mmM-s 

LTtxfcv^ ^dtiS^M-g-LT^P., 7j< 
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n-mamm*. t <Dm-e?zm<D®^xn o t\ b 
[0054] a^tt^tf^7]<^^^ftfc^«m^ 

*LV»*V illft, 3~10 0|imliffe4 WWA^ 10 

[0055] ^DJifwax 7j<^f(ffif*Ra : M^e 
n'enm^ntLr, -^.(Dimxmumcmu^M 20 

[0056] mm<3><ojj&T*tes m*.t£> H2^f as 

fc, 7K^^ v i(ffi#:RtfS^14^tI^SiES^3S©ls« 
®{* 1 Rtffi^-ttli^tf 2 ItZtiZtiWWWiti £ LT> 

*5 < o 7]<^^tS(ffif* 1 *sH > 7° 5 £M V^T y 6 

5MR»9«tc«iiie , r«o 7i<^i(ffif* i fca^isg^w 

2®&*&Jfc*tt, il^ 1 : 1-6 : 1 ©f5HftX$> 
D> <fcD£?SL<W:2 : 1-4 : lcDiBHftXfe§ 0 M 

^> UZftTcW&wz^jyi o^nrfi^ft i ifttc 4o 

[0 0 5 7] H3t/f^J:^c, 7]< 

1 2rtf«IWLT«Jt§ 0 Ml 2ft 

f5ffif*l fcMttig^J2®Jt*tt, 1 : 1-6 : 

lOfBHftXfeD, <fc?)$?*L<{i2 : 1 — 4 : 1 ©IB 
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it, tfx/i 3»t7^yi 4^sr, jg^ssii 
@fESIy»T^»r73 v M9 rtKiti&ts, 

fttcfimmuyi 5^srs^«i l^iiAu 
mm^mi inxwrnmsmi^o iMQ^mzzn 

[0 0 5 8] C © J; ? Soffit" SChfc^D, ¥ 
i9*4@#3~ 1 00(i mX\ S^tfOgl&flaStf, J? 
*L<S1. 5 0 %.KT> «fc 5 J? £ L < it 1 . 3 0 %J7 
In ftfcftZ Li it I. 10 

ft%^t%mffi&'\i^^tv^7xT-*n%z.ttfx 

t S o tfcSStfiitf 7UX73.7 

-it, Mmf?-y°x%>*), ^-tm^fo^mmfc 
[0059] ^mmxit, H4fc^'r<fc5&iai^ssa 

S^tt^fe 2 £0^5mM0lziitily§T^M 1 6 fit 

A^mm^mmL. ^x\ ^met^y^i 
x^^yi 8zm&Lx, m&mi lMAu mm 
^mftxmm^zftoo 

[0060] mmm^it, mn, ssjtrtfcuj^rs 

*\ t>L<tt^?Stt^XT*HSILT, 3 0-1 0 0°C© 

x&mznzo ii%^s^Y / 7PX7xT-«. Bfat 

«S««l&**#«*'&S<ifct>"P#So ?5>(c. lit 
[0 0 6 1] 2. PX7x7- 

[0 0 6 2] X%0i3©ii^14v^7nX7x7-ii, 

commmmtt: itr.mmm'mmtkz%^ 
x&i&znx^zrctb, 9mm^womm<^M&^M 

7 a x 7 x T-*ttmwmm\m-& l rcmmtmm 
iitft&iix, *uy^-inx, fftHtox, wtHsScff^ 
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17 

[0 0 6 3] £/c, *»Mtt?^f^DX7x7 

(a) iajE^^-ratPtt^^attcffiT-rarc 

m (a 2- a 1) CftfcftLT, #28E©*gig 10 

Stt?Y^DX7x7-O^M^fr (b) jim 
58a«-rsfMS*««0?aSE<BH (b2-b l) 

[0 0 6 4] *^©|?&^14v^DX7x7'-©¥ 
t^Mis 13fc:|g£*ftfcV»tfV Miff 3~ 1 0 0 n 
^SL<fi5~5 0/imOlEHF«3TSSo CtfWStfeS 
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[0 0 6 5] *^©E^14vY^UX7xT-«, 

5 o %fiTFT-&3 c taws U\> 

it, <fc t> * L < ti 1 . 3 0 ftfcff* L < 

i. io%stt^o cogKfflato^^s-r^sfc, 

ftfttf ®&T/.hS * P X 7 x § 

[0 0 6 6] *^fcfev^r, tfc&a*[f 
tt> TWH©S (1) Rtf (2) £S^T»tfJ£ft*ffi 

[0 0 6 7] 
DRl] 



x 100 



CD 



[0 0 6 8] 



w 100 L 2 



* * DR2] 



■) 



[0 0 6 9] (Stf», /J=¥±$ffi, =fitfg, qj 
[0 0 7 0] *%iOffltt?^^P77x7-(C*5 

w-*saasi®^!fi«\ ^m*S'*^\ am 5-5 os 



%, £?3:L<W;7 



3 5: 



30 



So ^SSIfcl/ttt, Mcj;D5j v » 
[0 0 7 1] *%Hj3cD^|ilrai4v^^nX7/xT-^^ 40 

MstiSo mmat, Mhhl/cjId, r^y/vax 

r> («) S^ffc&tf (;**) 7^UD-hU;V («) 
S-&{*«, ^XK'J76> if«f4. BUMt, 



(2) 



We^^^PX7x7-^#3i:tj!)^t«„ 
[0 0 7 2] *5gBO||%Stt s ?4'^nX7x7-{i, 

RfcAnx#i45cftnr*3D, fro, (»3S 
MY^^D77x7-a, nsffiM* i mm%*mz. 

KL<(il0 {§AX±, J; 19 J? S L < it 2 0 fg« 

±t?fc d , ^ < o^-&> 3o~6o mesog^isao 

[0 0 7 3] *»»ftvY^nX7x7^(t 
t\ S/c, *^^^14^^^nX7x7'-«, Ao 
^P77x7-H ffittm^RlM^HtC^LT, if 

14 (HM n Q n i4, mmm tmm&<wmmtiim 

[0 0 7 4] *^©^^14v^ynX7xT-©# 
ifbti&o fflMi, *fflO»6v^7n77x7 



t, ffim®wm<om!Rtc£*)> m^mmm^t 50 a^e 1 ox^u&v^mmm^ <»& (r 2 /r 
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i ) lis tSMO. 8~0. 4, jifSLOiO. 9-0. 
5. «fct)#£L<ttl~0. 5T'S5o 
[0 0 7 5] *^OjS0SaftV^^DX7xr^OJi. 

R 2 ©it (R 2 /R. ) ii, il#l~0. 8, »^L< 

«i~o. 8 5, i^f$L<ai~o. 9 

[0 0 7 6] *%fl0»ftv^^DX7x7-©W 10 

[ r^'jo-HJ;voffl^=8 0~i o oftl 
96] 7? 35 3*1^, 3B*H£¥fifti:Lt\ f^7 fulHOM 

ftffi^i^-ra-ir^iRtt^Mft* i ss%i8ia 5 
Sfi%«T«fiJ^figffl1-S c £fc «fc D, fm&%ns& 

imn loo, n^s^{*^#i4$^uate#tt^/jN$ 

[0077] *»i»-7^^nx7ir-ii, 

1 9 0 o aX±^fe^^^a^ft©#^^ 1 0 6 N/m 20 

$?£L<{i5. 0X1 0 f N/m ! Ki*Ol 0 9 N/m 2 JK 
In 1$fcff£L<ttl 0'N/m ! tti^l 0 8 N/m 2 J7 

[0 0 7 8] 3. fiM 

MM) £#77 fea^B*^aoSST», 

(T-7^7^©]7;-7^§tttt) (Dffi& 

7x7-(i> SSafCtSftftftibn^ipJMLT, 7777" 
>y7, MS, ^BS^SHoeM^^JLH^ 
^14tt# (M*-«\ X'J^m 7>y7a7 

x'7^P77x7-«, aS14^¥rte^**tl?.li 
S, Sffi, 777y>lJ^?;ifcffl7§Cc^7*3o * 
^cDf^&ttV^ 7 P 7 7 x 7-tt, APl^tticfttl 

tvs©"^ rHH/jnx, #777-/jnx, ffffiiinx, if 40 

[0 0 7 9] 

[^M J7T, ^ffiMRtm^MWfT, 

( 1 ) ssa^*Rtf jg*^a#* 

i^a[4v77P77x7-0. 7 g^, ^7^-7 
7^tAt7 PiT/g^Jt (MS) 7X»in^LT% 

rS^^^o #6nfc^{*^77yy7-(cAtiT{* 50 
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a^ijs l, j&mztDfmvM-ormmmtt&o 
c©bbu asa^** 1 0 o°cfrp> 5 o cgij*7^Lrij 
s l, wzommmim^tircm>mmstv<omm 

[0 0 8 0] (2) ¥±£)Sg 
£^f^S©tt&3Wffill5£« SALD-3000J^ 
ffli^T, Mfia^T©y<7V7 7@^iJSL, ¥±§)KS 
tLTco 

(3) #14* 

f»%M37'77P77x7-^r&£-e, F«iS*ftfc& 

h^PSL, lcmXl. 5cmX0. 2 5c m<DW$fc 
mem D til Lfco c ©!i^^^m?¥f*«SftPiTO 74" 7" 
77-VJ7 P^ffl^T, SiOTMT, SMS 1 O'N 
;77, 3°C7>j v «#SSS7«LT, #S*^iJSL 

/Co 

[0081] (4) ?uy?—%iz<im&m* 

XT 1 77 -SfSSe-^S^ft (EVA ; X7 L L7/1^ 
;V= 3 077 0Sfi%) StttSEVA^x? 
;77 a 7 (MS. 5 5 Sm%) E V A 5 MMBfcftL 
T, ii^14-x'7^P77x7- laM^^n^T'MflJ 

fg^iist-§o z.aymMm^nmr- ME2oojim 

©+>7 7"^tt§3-^-« 3031 L. i^77\ 

pjT©ae^^--77(<:AnT 2 7j v p B iM'r§o ssaim 
(5) mm&& 

is^xmummc, ssmmt lt 77^7777 v & 
2lia5tWtt-7^7ux7ir- lfisafcfe&n* 

ffll7 1 4 0°Ct«L Sl^lC<fcS^ao#flRi:nril 

[0082] ( 6 ) nsmit p v c 7- h T*®wmm 
^vmt\£-;vmm (nwnis 9 0 3) 50s 

agRi:7^77 1 ;777L-h (DOP) 5 oMSBfcft 
LT, ^rSttx'7^P77x7-3SMg^i)P^r, 
n^^VK^Ua-rSo 37^77 1 2 0°C7- 2 
^P-/«DL7 lmm)?S©^h4fr|jM"8„ 
CCD7-h^3 x 4 cm^cDA*^ci£»TLTiimt 
L, 2 0 0 °C(D*~7yrpX\ 5 ^HRtf 1 

ot>k> ^n^nssas-sso ^aMfi^^a^iKL 
r, (%) fcstfif So 

(7) TMA (Thermo Mechn leal Analysis) 

+ 7x;l/ V— tt»cD T M A - 7 SJ^ffl V^T T M A $J 

wm^tco yyy°)imo. 2 5mg^fflLfc 0 mm. 

mmz, 5 X/'ARXJ 2 0 °C/7j v i: Lfco 
[0 0 8 3] [ JttStf iJ 1 ] Hff77> 2 0 % CD 3 P 7 7 
U*8 0. 5g, 7x77-;V7^7-77k°7Klfl^ 
m 5 0 %7mWL 3 . 0g, Iftth'J7^16 4. 1 
g, i^nA|*'j2. 5%7]<?§S2. 2g, ItO. 
1 g , &ci^7^77k^5>S§^lf 4 7 0 gCDym^m 
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mtzffl&Lrco 

[0084] — r^uo— hu;n 41. 7 g, ^ 
1 . 2 g , Hir^B«Mi*Mfto h y * # * y h v 

^ifp-;l/^p;^0. 6 7g, n-^^y2 6. 1 

g, erfix-f-;n 4. 9g, RtfrVifx^y^D 

U;V/^^^U;l/R^f-;V=6 4. 4/30. 5/5. 
1 ;^«tt#Mftf$ffl»=¥M^ / 73 v ©o. 3 am 

96) o 

[0085] ccom^m-swstTmftWtMfot*. m 



4 ^7^-riHi^ v Srft5aiii?s^t5yB 



mm 



ixmwn^Lx 



I n lite 1=1 



(01 



rffi (1 . 5 L) i&2fertX£fl3V»T 6 0 



^ § mm t Tkmim r> m t u l t^-*«» t 



7x7- (MS- 
(MM 



A) 



o MS- A© 1 7 Of??© 



*) $J5 Ofg^feo/c 
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* %m 1 fc^fo d (Dttffliffl 1 fct, ff^ v ¥ 5- 1 5 4 9 9 

[0086] [^ssfisj 1 ] ^mmmnwmm hv* 

jtfVfrWthV ^a^n;<yo. 6 7 gfcft* 

y'JWF3. 5g (^#l4«f*f$ffl*=#Sf*^ 
©1. 6Mfi%) fc/B^fccfcfitfWi^ JttSflli £1*3$ 

£lt, ¥^iM^2 6/xm, mw^^mimft 

1. 7%tfe§|«Y^i'DX7x7- (MS- 
10 1 ) *%Tco M S - 1 (D 1 7 0 "CT-O^&fg^ (H^% 

[0087] [twj 2 ] =§t^#ft#«*<7) h y * 

ZZVfrWthVtf-u-fo'J'nrtxDtifflmo. 67g 
* 3 . 5 g te Ufc c t&L9Uttmm 1 i: mfflc LX, ¥ 
K)I4@^2 6 (tmOMtt^^PX7x7- (M 
S-B) £#fc 0 MS-BH *©fll8lE*JBjS'rSSf 

140 °CIX±© £©i&g«"7* t> K i: A, H^JSLfcfr 
o/co 1 fcjjsf „ 

20 [0 0 8 8] 
[Hi] 



* 





it KM 1 


m mm 1 


Jt*«2 


gift (wt.%) 










64.4 


64.4 


64.4 




30.5 


30.5 


30.5 




5.1 


5.1 


5.1 










(1) h V^^^y^KhV 


0,3 




1.6 














1.6 




















(/xm) 


25 


26 


26 




50 


50 




















§E?SSSi 7 ox; 


5.5 


5,5 




se?SiSgi 9 ox 


3.7 


4.3 




MB»£tt©?MS» (N/m 2 ) 








1 4 0 °c 


35 X10 B 


50 xl0 e 




HJEUEi 9 ox 


9.0 X10 B 


14.5X10 6 













[0 0 8 9] «£) 



50 (*l)ffl6 V-T DX7 xT^tf EVA 
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c*2) aimmm >iwti?j v/-jV2 m/m&my 

[0 0 9 0] (#H) HffiM l ©M S - Hi, 2E8H£JP 
mf*©{£fflfi^¥M{*Jt5j v © l fia%^jitTV^{c 

frfrtoz-r, fscfzmmm mmumi i o°o ^ 5 o 

#m{*fi!c7J v © 1 . 6SM%©M^ffl^/cMS-B (];b 

T\ ^%@I4^TO<:S^LTI^„ 10 
[0 0 9 1] E V A|iv;l/^g y^T?©!!^!^ 
fct ^SSffl 1 ©M S - Hi, ^tt#M{*©f$fflm£i± 
KffllOMS-AfcJt^T, 11T5. 2{g (t/VSt? 

H e ti/c 1 7 0 °c -e©s§?&fg^ 5 . 5 & D , M s 

-A t^US%Mg**f*#LTl^ 0 Lfr£>, 

SS© 1 9 0 °ce©M s - 1 ©aSSflIWi 4 . 3 \%xh 

D> MS- A© 3. 7^lCit:^T^a^*©ffiT*^ft 

[0 0 9 2] 1 4 Ot?©^iMft©#a*^Mt 20 
S fc, ^Sfiffl 1 ©M S - Hi, ft£ft&CE*8if©a&% 
rSttvY ^DX7x7-tfeS 1 © M S - A \z It 
<X, 1. 4fg©#[4*^LTl^o t*s.t>%, 

M-f^Wtt^S^ fro, ilftltitv^^e 
frs, jetSiSo 1 9 0 "CT*jtlWs %Wfr\ 1 © 

m s - lit, imm 1 ©m s - a icit^x \ nmm^it 

<Dfffi&&i. 6flSt?l5So c©chii, #!88©I&5S 

[0093] mm^cDnrnxit, tmm 1 ©m s - a 
**ft-ra RrasKifctt, 1 4 0 °c-e 6 ^Mfi^-g^ 

^IHcD, lU«Lfc„ ctifcMLT, HffiMl 
©M S - 1 0#&tt, 1 4 0 6 #ill!»fcfc:8B#38S 
«!Si6 5 tlf\ 5 5 E 7 L X t> SE^IM L & fr o 

[0 0 9 4] [Jt«M3] 3D^^'JA1 2 g, / 
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^/~jir^y-r^\£ymm^i. ig.mti- 

YVfh 1 5 4 g, ffi«7"MJ7A0. 12g, &gfe 
0. 2g, RtfffiKtfl/jfcfrS&S'&tf 5 2 0 g©7k^ 

[0 0 9 5] — 73, 7^yn-HJ;H30g, 
UP- h U 71/ 6 0 gs -<V$—>l*$t?V U~h 1 0 

g , ^Wt^MttW*© h v * $ * v ;m h u p< 

-;]/7°P^yig, n-^7^73 8g, RXfTW* 

jyyf-v-hVfri. 2 g e ft a s-a«£*£i! 

S L fc (^Mftijg^©S«% = 7 * u n- h U /P/* * 
7 U a - h U ;l//-f y £y U ]x— h = 6 5 / 3 

0/5, fg#l£¥£ft^fflM=*Mft$#©0. 5fim 

[0 0 9 6] e:ofi^(Ki^«io«/|Nft*«*-^'rs 

*&#f5tfBtt£. »#«ft*©fi£ffi (1. 5L) W± 
jA», ^Tf^X^ffll^T 6 0 °CT 2 2 Bf fflKJiSS-efCo 

ftSaaiLT, ¥±&I1S^2 8 (im, fu@#*©^Kl^ 
»tf 1. 8 %f fe§ WttvY^DX7x7- (MS 
- C ) £t#fco M S - C © 1 7 0 VXOm&im (Sck 

mmm) it, *& 5 5 Area* ore cojt«M3B, # 

5 - 2 8 5 3 7 6^^©^HM2 fcHH; ret ©1? 

[0097] [^ss^j 2 ] -mmM'mmtkv hv* 

h3. 5g (^#S#fif*f$fflS=¥af*Jt^© 1 . 6 

mm%) %m^rctt&LHtt, mwu tmmicLx, 
¥mmt>m 3 0 n m, eg^^©^ftfis^ 1 . 6 % 

r-$»a^^ttx'^^PX77x7- (MS -2) 

rco c©m s - 2 © 1 7 0 wozam* (M%.3$s& 

m) It, $15 5{§X&-Dtcc B%%&2l£&fro 
[0 0 9 8] 
[H2] 



(14) 



25 



ftffl 2 0 0 2 
26 



1 2 6 9 3 





jt « « 3 


iii 2 


mstfr (wt.%) 






T ? >J n ~ h y ;u 


65.0 


65.0 


^^'ja-F y ;U 


30. 0 


30. 0 


-r y #;u^;u^ ^ ^ y i> — h 


5.0 


5.0 








(D h v^*>i;^Bh y ^ 


0.5 


- 










_ 


1.6 


y * ^ y h 






/ n "J — - > 






¥i$St& (/Ltm) 


28 


30 


*±?&?Sft* (ft) 


55 


55 








ausaa 1941c 


15 X 10 a 


15 X10 6 




5.3 X10 8 


14 X10* 



[0099] (Mm) nm 

t, mt&m 2 com s - 2 it, w%m&& 1 9 4 vcom 

© 2 1 0 ■ccii^sa-pttK-r S t> M s - 2 7>^kSS 

^f*cD#'l4$iJ:, M S — A CO 2 . 6ftT?&3 0 $fc, ^ 
MM 2 ©M S - 2 it, 194W2 10 t ©SfiigtT? 

tact, imc tiQjLMMM*ftMfcifr<jt;<mftz 

-So 

[0100] [^ssm 3 ] mwmmm^ (1.5 

L) iC3n^^»iJAl6. 5g, 7x^7-;V7^ 
>-7S^>l8fii£'£JiSc ! Bj 1. 6g> #1M169. 8 

g, mmmi-hvvko. 1 1 g, rwh^h?* 5 5 

7 g te&S «fc a £tt&^ 7j<^ v i(ffi#:^ilS Lfcc ?j< 
5K#fWfc©pH*i<3. 2 tc^S <t ^ tc. imzmnLT 
MH L/co 

[0 1 0 1] — 77 77yP- hU;H 4 7. 4g, ^ 

#^yn- hU;P7 0. 4 g. ***y;i/K*f7l/2. 
2g, ^I/^'j3-;W^'Jl^b 3. 5 

i h y ;H . 3 2 g ft* S & I fi-&'ffi?I^^ifflS L fc 
(^mf*^ v © Jim % = 7 * U p - h U ;!// * $ 7 V p 
-h'J/V/^^^y/^f/V=6 7/3 2/U 

tt#mf^fflm=^m{*J^ v © 1 . 6Sfi%) o c©S 



[0102] c©a-&ttii^jo^/h&?gjg^^-rs 

20 7m$mm%. c 1 . sdm 

3 0 ^ m, w&ftft^mwmt 1 . 8 %-?&%m 

^6Y^^nX7i7- (MS -3) %f#fco MS- 
3 0 1 7 0 77©^{g* («*38?Sft$S) tt, »5 0 

[0103] [^MM4] ¥Mf*Jt^ v ©{±jA*SMl;b 

7^ ij n - h 'J/l-/^ 'J a - h U;V= 7 0 / 3 
0 5 ¥Mf*©f±jA^M^^^/cCi:^ 

30 tt, HIl3J:^i(at, ¥M£ft^3 0/irru e 

&##©as&&»tf 2 . 1 % t? & £ a&£?aftv -r * p x 

7x7- (MS -4) £#fc 0 C©MS~4©1 7 0 °C 
[0 10 4] [Jt«M4] --g|g^tt¥Mf*©7x7 

h y ^ 7 ? y >im. v v * 7p-;u7 

p^70. 6g (3E«tt¥*ft«fflS=¥Mft^© 

0. 3SM%) fcfflWcC £JSWfct, ^SSM3 i;[Hj«fc 
40 L7, ¥^S@ft^3 0 fim, li^ v *cD^K]^g(ft^ 

1. 6 %7$>.SIi%?a'Sv7^P77x7- (M S - 
D) %fflco CCDMS-DCD1 7 0 o C7cD^fg* (g 

-km&^m it, ^5 0fg7feo/c o ism^S3(c^ 

■To 

[0105] [ami si r-mtm 
uy?v 3-;v7^ ^7 y i/- h 3 . 

^tH3B*ltt¥S#0 h 'J ^ f 2 V M 
P/OO. 6g (^Hft^ilftfJMI 
0. 3SS%) ^I^fcCfcKWl 



ft^Mf*©7x7 
5 gtCf^^T, 7 
hU^7P-;l^7 



mm 2 0 0 2 - 1 2 6 9 3 
28 













^fift: (wt.» 












67.0 


70.0 


67.0 


70.0 




32.0 


30.0 


32.0 


30.0 




1.0 




1.0 


















- 


0.3 


0.3 














1.6 


1.6 


























(urn) 


30 


30 


30 


30 


S*fgfSfS^ («) 


50 


50 


50 


50 


pIM^PVCSz-h f*l) 




















SE8fg*«) (*2) 












250 


250 


180 


200 




220 


170 


120 


125 
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1. 9%t£§IM^^DX7x7- (MS- *f 0 

E) £#fco CCDMS-E6D1 7 0tf©M$ (g [0 10 6] 



[0 10 7] (PS) 

(*1)PVC 5 OgP/DOP 5 Offi/U^gattV^^PX 
7x7~3SBfr5:8:Sil£«H 0 0 g^r 1 2 O°C<D0Ie 
P-;WCT 2^ffliBRLTililUrc 1 mmffcDv'- h 
(*2) 3 X 4 c mft©^— h^r 2 0 0 °C£D^— T^^TIS 
58aM«©Jtfi©j|l!I£fit*^58a^* (%) * 
mtHLTco 30 
[0108] gffiffl 3 fttf 4 OiMY^ * 

UX7i7- (MS-3MMS-4) %^-?%&aJ 

mit p v c h a, ^-n^n 2 o o °c/ 5 

©f8?Sfl5*£*U 2 0 0°C/ 1 0#fctet>fiJ^I8?@HB 

Mtt^^nX7i7- (MS-DMMS-E) £ 
^Wt-^^nlMfb P V C i/~ Y it, 12 0 °CT»(Dffi&tf 

it, 2 0 0 °C/ 1 0 £ L < ffiT Lt\ 

t^^^USi^ilgl^tl/co 40 
[0 10 9] [tWJ6] 3n-f^»'JA5 g, 

# / 5 y- r *? tf o . 5 g , « 

Ith'^AO. 1 2 g , fttfefctf'&tft? 6 0 0 g 
ft£DpH^3. 2 (c ft .5 *S»*^taLTi9BL 

[01 10] — 7j> r^yn-h'j;n 2 0 g, 
U f;H20g, HW^B*M£¥*ft© h U ^ * 

^0/l/^hD;^D-;l/7°P^yO. 4g, -fV^y* 
>7 0g, Rtf2, 2' -TV*lfX (2, 4-v^^/V 50 



" h y M 1 . 2 g 5 ft 5 fi^ffiM£«if SI 
L fc (¥*{*^ V ©SM % = 7 5 V P - h y * * * 
U;m^^= 5 0/5 0, 5K«H£¥»ftffimM=¥M 
TOoo. 2SM%) o c©fi#tt®&fti:*^#Sc 
«{* fc, 0 4 {<:^t-@^^}i@$Eft5y»T^^M^ 

[oi 1 1] e:oa^iei^i»o«/|N«:?K»*^ , r« 

7j<^ v i($Sf*^ »lt?®i^ (1. 5L) fc{± 
jA*. SrMXfcfflWT 5 3 "Ct 5 2 2 BffflKJSS-efco 

fcjRDjgbfcSL SSSLT, ¥J9$S*M 4(im, fig 
1 • 6 %tfe«»ft?^^nx7 
i7- (MS-F) ^tf/co MS-F© 1 4 5°CT)CDJI 
MS* (gfc&JSte*) tt, »1 8{g^&D. 1 5 0°C 
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